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ABSTRACT 

This unit of instruction was prepared for use in 
navigation study at the Officer Candidate School^ the various Maval 
POTC Units* and within the fleet. It is considered a naval text. It 
covers a wide and expanding subject area with brevity. Basic and 
•?lenentary navigational terns and instrunents are presented and 
described. The use of charts and publications which constitute a 
source of information which the navigator constantly uses are 
presented in detail. Such topics as tides and currents* basic and 
advanced electronic navigation systems* nautical astronony* tiae and 
timepieces* sight reduction and celestial computations are included 
in the program. The appendixes include nautical charts* useful 
physical laws and trigonometric functions* extracts from various 
publications* and various forms of instruction from navigation 
workbooks. (FB) 
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THE UNITED STATES NAVY 

GUARDIAN OF OUR COUNTRY 

The United States Navy is responsible tor maintaining control of the sea 
and is a ready force on watch at home and overseas, capable of strong 
action to preserve the peace or of instant offensive action to win in war. 

(t is upon the maintenance of this control that our country's glorious 
future depends: the United States Navy exists to make it so. 

WE SERVE WITH HONOR 

Tradition, valor, and victory are the Navy's heritage from the past. To 
these may be added dedication, discipline, and vigilance as the watchwords 
of the present and the future. 

At home or on distant stations we serve with pride, confident in the respect 
of our country, our shipmates, and our families. 

Our responsibilities sober us: our adversities strengthen us. 

Service to God and Country is our special privilege. We serve with honor. 

THE FUTURE OF THE NAVY 

The Navy will always employ new weapons, new tectmiques. and 
greater power to protect and defend the United States on the sea, under 
the sea. and in the air. 

Now and in the future, control of the seii gives the United States her 
greatest advantage for the maintenance of poace and for victory m war. 

Mobility, surprise, dispersal, and offensive power are the keyriotes of 
the new Navy. The roots of the Njvy lie in a stror^g belief m the 
future, in continued dedication to our tasks, and m reflection on our 
heritage from the past. 

Never have our opportunities and our responsibilities been greater. 
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CHAPTER 1 

INTRODUCTION TO NAVIGATION 



lOi. NAVIGATION DEFINED 

Aooording to John Hamilton Moore in his 
book The Praotlcal Navigator, as revised by 
Joseph DesBiou and publlshea in London In 1814, 
"The end and business of Navigation Is to In- 
struct the mariner how to conduct a ship through 
the wide and pathless oceans, to the remotest 
parts of the world, the safest and shortest way, 
in passages navigable.** This definition as ap- 
pearing over a century and a half ago in a 
manual which was to later have an Important 
American counterpart. The American Practical 
Navigator by Nathaniel Bowdltch, remains essen- 
tially valid and states tho purpose of this com- 
pendium. Nevertheless, navigation as practiced 
today extends to the air and to outer space. It 
is deemed to be both an art and a science. 
With this as a point of departure, a modern 
definition follows. 

Navigation is the art or science of deter- 
mining the position of a ship or aircraft and 
of directing that ship or aircraft from one posi- 
tion to another. It can be regarded as an art 
because its application Involves the exercise of 
special skills and fine techniques which can be 
perfected only by experience and careful prac- 
tice. On the other hand, the subject with equal 
validity can be regarded as a science Inasmuch 
as It is a branch of knowledge dealing with a 
body of tacts and truths systematically arranged 
and showing the operation of general laws. 
Navigation has been practiced for thousands of 
years; however, modern methoc\s date from the 
invention of the chronometer, a precision time- 
piece, in the 18th century. In our discussion we 
shall find it convenient to divide the subject into 
four categories as follows: 

DEAD RECKONING. — A method of navigation 
by which the position of a ship Is calculated 
from its last well determined position and its 
subsequent direction and rate of progress through 
the water. 



PILOTING. —A near-shore navigation method 
by which the movements of a ship ore directed 
by reference to landmarks, other navigational 
aids, and soundings. 

ELECTRONIC NAVIGATION. -A method of 
navigation which employs the use of various 
electronic devices. Electronic navigation differs 
from piloting primarily in the manner of col- 
lecting information. Procedures involving dis- 
play and evaluation are very similar. 

CELESTIAL NAVIGATION. - The determina- 
tion of position by the observation of celestial 
bodies (sun, moon, planets, and stars). 

Navigation may be classified according to 
practice as: (1) marine navigation, (2) air navi- 
gation, and (3) space navigation. The first two 
are basically the same, differing sUghtly be- 
cause of the speed extremes represented by 
aircraft and surface vessels. In aircraft it is 
impracticable to strive for marine standards 
of accuracy since it is more import ' to know 
your approximate present position than your 
exact position earlier. As air navigation is 
essentially an extension of marine navigation, 
space navigation is an extension of air naviga- 
tion. Space navigation is developing as required 
for the operation of space vehicles. In anticipa- 
tion of Interplanetary travel, a body of theory is 
rapidly being expanded and applied to provide 
for navigation In the nearly limitless space of 
the universe. 

102. BASIC DEFINITIONS 

Elementary navigation terms are common to 
both navigation and geography. The following 
are basic: 

EARTH. — The planet with which we are most 
familiar. Although it is approximately an oblate 
spheroid, for navigational purposes we assume 
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65.116(190) 

Figure 1-1. — Eai th's coordinate system. 



It to be a true sphere about 21,600 nautical miles 
in oircui.ilerence. (See fig« 1-1.) 

AXIS. — The diameter upon which the earth 
rotates. 

POLES. — The extremities of the earth's axis, 
One is called the north pole (Pn), and the other 
the south pole (Ps). 

GREAT CIRCLE.— A cimle on the surface 
of a sphere, the plane of which passes through 
the center of the sphere. 

SMALL CIRCLE.— A circle on the surface 
of a sphere, the plane of which does not pass 
through the center of the sphere. 

EQUATOR. — The great circle on the surface 
of the earth which is equidistant from the poles. 
The plane of the equator is perpendicular to the 
axis of the earth. 

PARALLELS, —Small circles on the surface 
of the earth having planes parallel to the plane of 
the equator and perpendicular to the axis of the 
earth, 

MERIDIANS. —Great circles on the earth's 
surface which pass through the poles. The plane 



of every meridian contains the axis of the earth. 
The poles bisect each mcridiani this provides 
an upper branch and a lower branch. The upper 
branch of a meridian is the half between the 
poles which contains a given position. The lower 
branch is the opposite half, "Meridian" in 
common usage refers to the upper branch. When 
the lower branch is spoken of, it must be so 
specified. 

PRIME MERIDIAN. -That meridian which 
passes through the original site of the Royal 
Observatory in Greenwich, England and is used 
as the origin of measurement of longitude. It is 
also referred to as the GREENWICH MERIOIAN. 

LATITUDE. — The angular distance between 
a ix)sition (on the earth) and the equator measured 
northward or southward from the equator along a 
meridian and labeled as appropriate, "N" or 
"S." Latitude may be abbreviated as "L" or 
"Lat." 

LONGITUDE, — The angular distance between 
a position (on the earth) and the prime meridian 
measured eastward or westward from the prime 
morldlan along the arc of the equator to the 
meridian of the position, expressed in degrees 
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from 0 to 180, tnd labeled as appropriate, 
••eti or iiw.» Longitude may be abbreviated as 
*'Long.** or with the Greek letter lambda (A). 

103. DmECTION 

The dtr<sction of a line is the angular inclina- 
tion of that line to the meridian, measured right 
or clockwise from the north point of the meridian 
and expressed in three digits. Direction along a 
meridian itself Is either north (000) or south 
(180). With dlreotion defined, we may consider 
the following related terms: 

COURSE. — The direction of travel as ordered 
to the helm for the ship's movement. 

HEADING. — The direction a ship points at a 
given Instant. Heading may differ from course. 

COURSE MADE GOOD OR TRACK. -The 
direction of a point of arrival from the point of 
departure. 

BEARING. -The direction of a terrestrial 
object from an observer. A true bearing Is 
measured with reference to the true meridian. 
A magnetic bearing Is measured with reference 
to the magnetic meridian. A compass bearing Is 
measured with reference to the axis of the 
compass card. A relative bearing Is measured 
with reference to the fore and aft axis of the 
ship. Relative bearing plus true heading equals 
true bearing. All bearings are converted to true 
bearings for plotting. 

AZIMUTH. — The true direction of a celestial 
body from an observer. 



RHUMa LINE. - A line on the turftce of the 
earth which makes the tamt oblti|ue angle with 
all intersected meridians. 

104. BASIC UNITS 

DISTANCE, which 18 the length of a line 
Joining two places on the surface of the earth, 
is expressed in nautioal mllet. One nautical mile 
equals 6,080.2 feet and Is by definition also 
equal to one minute of latitude, or one minute 
of arc along any great circle. Dividing the 
circumference of the earth by the number of 
degrees in a circle (360), we find that one degree 
of arc of a great circle (a circumference) is 
equal to sixty nautical miles. Dividing this 
value by the number of minutes in a degree (60), 
we conveniently find that one minute of arc of a 
great circle Is equal to one nautioal mile. Thus, 
arc can be converted to distance, and distance 
to arc. Distance refers to rhumb line distance 
unless otherwise specified. The shortest distance 
between two points on the surface of the earth 
is the great circle arc connecting them. For 
navigational convenience. It Is common practice 
to treat the nautical mile as being 2000 yards In 
length. 

SPEED Is velocity of travel and Is expressed 
In knots. One knot equals one nautical mile per 
hour. 

ANGLES are d epressed in degrees and tenths 
of degrees or In degrees, minutes, and tenths 
of minutes. Example: 349°.6 or 95°- 14'. 7. 

DEPTH is expressed In either feet (f:) or 
fathoms (fm). One fathom Is equal to six feet. 
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CHAPTER 2 

THE COMPASS 



201. INTRODUCTION 

The measurement of direction is acoomplished 
by moans of the compass, of which there are two 
types, magnetic and gyro. The former utilizes 
the earth's magnetic field for directive force, 
while the latter, as addressed later in this 
chapter, employs the principles of gyroscopic 
inertia and precession, and the natural phenomena 
of the earth's rotation and gravitational field. 
The magnetic compass, one of the oldest of the 
navigator's instruments, is of unknown origin. 
It is believed that the Vikings used it in the 
eleventh century. Probably, the first magnetic 
compass was simply a magnetized needle thrust 
through a straw, resting in a container of water. 
The needle was probably magnetized using lode- 
stone, an iron ore having magnetic qualities. 
Today, despite the rising importance and great 
convenience of the gyrocompass, the magnetic 
compass retains its importance because of its 
simplicity and reliability. A ship may be sub- 
jected to electrical power failure, fire, collision, 
grounding, or other hazard, and yet the magnetic 
compass will usually remain operative. 

202. MAGNETISM 

A magnet is any piece of metal having the 
property of attracting other pieces of metal. In 
its natural state, lodestone or magnetic oxide of 
iron, has this property. Ferrous metal and certain 
alloys become magnets by being subjected to the 
Influence of strong magnets. 

In any magnet, the power of attraction is 
concentrated at opposite ends or poles. At a 
point about midway between the poles the force of 
attraction of one pole equals the force of attrac- 
tion of the other. The area of influence around 
a magnet is known as a magnetic field; at any 
given point within this magnetic field the force 
of magnetic attraction has both direction and 
intensity. The direction is the inclination of the 
line of magnetic force to some given reference. 



The intensity is a measure of the force of attrac- 
tion and is inversely proportional to the square 
of the distance from the pole. A line of magnetic 
force, as mentioned above, is a line connecting 
two poles along which an isolated pole would 
move when acted upon by (the earth's) magnet- 
ism. 

For the purposes of this discussion, mag- 
netism may be thought of as being either perma- 
nent or Induced, depending upon the magnetic 
properties of the materials involved and upon the 
manner in which the magnetism is acquired. 

The magnetism of materials such as the high 
carbon steel alloys which have a high degree of 
magnetic retentivity is said to be permanent as it 
Will continue to be a property of the material 
for a long time unless subjected to extreme heat 
or shock. 

Some materials, for example, soft iron, which 
have a high degree of permeability, are capable 
of acquiring magnetism by being placed in a 
magnetic field. The magnetism produced in this 
manner is referred to as Induced magnetism. 
When the influence of the original magnetic field 
is removed, the induced magnetism disappears. 

203. EARTH'S MAGNETISM 

As a result of its content of magnetic mate- 
rials, the earth has magnetic properties and may 
be treated as a magnet. The magnetic poles are 
located approximately as follows (see fig. 2-1); 

North magnetic pole — 74 N; 101 W, 
South magnetic pole — 68 S; 144 E. 

To avoid confusion when speaking of the action 
of poles, colors have been assigned. The earth's 
north magnetic pole is designated as "blue," 
and the south magnetic pole is designated as 
"red." A law of magnetism states that unlike 
poles attract each other while like poles repel. 
Thus the north, seeking pole of a magnet is 
attracted to the earth's north magnetic pole and 
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is said to be **red** while the south seeking pole 
is attracted by the earth' ? south magnetic pole 
and is said to be *'blue.*' 

The mtignetic lines of force which connect the 
magnetic poles may be called magnetic meridians. 
These meridians are not great circles. Because 
of the irregular distribution of magnetic material 
in the earth, the meridians are irregular, and the 
planes of the magnetic meridians do not neces- 
sarily pass through the center of the earth. Mid- 
way between the magnetic poles a circle called 
the magnetic equator crosses the magnetic merid- 
ians. 

The earth's magnetism undergoes diurnal, 
annual, and secular changes. Diarnal changes are 
daily changes which are caused by the movement 
of the magnetic poles in an orbit having a diam- 
eter of about 50 miles. Annual changes simply 
represent the yearly permimeht change in the 
earth's magnetic field. Secular changes are those 
which occur over a great period of years. 

If a magnetic needle is freely suspended in 
both the horizontal and the vertical plane, it will 
seek to align itself with the magnetic meridian 
(a magnetic line of force). The vertical angle of 
inclination with the horizontal plane (plane per- 
pendicular to force of gravity) made by the 
magnetic needle is called "dip" and the magnetic 
needle used to illustrate this vertical angle is 
called a dip needle. At the magnetic equator, 
dip is 0 degrees; with an increase in magnetic 
latitude, dip increases, reaching 90 degrees at 
the magnetic poles. 

The direction and intensity of the earth's 
magnetic field may be resolved into horizontal 
and vertical components. At the magnetic equator 
the horizontal component is of maximum strength 
and at the magnetic poles the vertical component 
is of maximum strength. A magne^^ic compass 
actually reacts to the horizontal c t oonent of 
the earth's magnetic field and tnerel'ore its 
sensitivity reaches a maximum at the magnetic 
equator and decreases with increases in magnetic 
latitude. Dip, which indicates the comparative 
strength of components, may be found by consult- 
ing Oceanographic Office Chart number 30, for 
any position on the earth's surface. 

204. VARIATION AND DEVIATION 

Since the magnetic poles do not coincide with 
the true poles, and the magnetic meridians do 
not coincide with the true meridians, fh re ai'e 
two lines of reference differing by a value called 
"variation." Variation may be defined as tne in- 
clination of the magnetic meridian to the true 



moridian; it must be labeled . east or west. 
When from the observer's position facing north, 
the magnetic meridian is to the right or east- 
ward, it is labeled east. Under the same cir- 
cumstances, except with the magnetic meridian 
to the left or westward, it is labeled west. 
Variation changes with geographic locality and 
may be found on Oceanographic Office Chart 42. 
See figure 2-1. 

The magnetic compass, being sensitive to 
magnetic materials, is affected by ferrous metal 
within its vicinity (for example the ship upon 
which it is mounted). This source of error, 
which causes the axis of the compass card to 
deviate from the magnetic meridian, is called 
"deviation." Deviation may be defined as the 
inclination of the axis of the compass card to the 
magnetic meridian; it is labeled east or west in 
the same manner as variation. The value of 
deviation changes with the ship's heading. This 
is due to the fact that the ship's induced mag- 
netism varies as the ship changes its position 
relative to the earth's magnetic field. 

205. COMPASS DESIGNATION 



The magnetic compass on board ship may 
be classified or designated according to location 
or usage. The magnetic compass located in a 
position favorable for taking bearings and used 
in navigation is called the standard (STD) com- 
pass. The magnetic compass at the steering 
station used normally for steering, or as a 
standby when the steering gyro repeater fails, 
is called the steering (STG) compass. Direction 
from either of these instruments must be labeled 
as "per standard compass (PSC)" or "per 
steering compass (PStgC)," for identification. 
A magnetic compass located aft at a secondary 
steering station is called the after compass. A 
compass carried in a boat is properly called a 
boat compass. 

206. COMPASS NOMENCLATURE 



The following components make up a standard 
7 1/2 inch Navy compass (7 1/2 inch refers to 
diameter as depicted in fig. 2-2): 

MAGNETS. — Four (two in older compasses) 
cylindrical bundles of steel wire, with mag- 
netic properties, or bar magnets, which are 
attached to the compass card to supply directive 
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45.595(69) 

Figure 2-2. — U.S. Navy 7 1/2-inch compass. 



force. Some newer compasses have a circular 
magnet made of a metallic alloy. 

COMPASS CARD.— An aluminum disc grad- 
uated in degrees from 0 to 360 and also showing 
cardinal and intercardinal points. North is usually 
indicated by the fleur de lis figure in addition 
to the cardinal point. Being attached to the mag- 
netSj the compass card provides a means of 
reading direction. 

COMPASS BOWL. —A bowl-shaped container 
of nonmagnetic material (brass) which serves 
to contain the magnetic element, a reference 



mark, and the fluid. Part of the bottom may be 
transparent (glass) to permit light to shine up- 
ward against the compass card. 

FLUID.— A liquid surrounding the magnetic 
element. By a reduction of weight in accordance 
with Archimedes principle of buoyancy, friction 
is reduced making possible closer alignment of 
the compass needle with the magnetic meridian. 
Any friction present will tend to prevent com- 
plete alignment with the magnetic meridian. 
In older compasses the liquid may be a mixture 
of ethyl alcohol and water in approximately 
equal parts. The alcohol serves to lower the 
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freeeing point of the mixture. Newer eompaBses 
contain a highly refined petroleum distillate 
similar to varsoli which increases stability and 
efficiency and neither freezes nor becomes more 
viscous at low temperatures, 

FLOAT. — An aluminum air-filled chamber in 
the center of the compass card which further 
reduces weight and friction at the pivot point. 

EXPANSION BELLOWS. ~A bellows arrange- 
ment in the bottom of the compass bow' which 
operates to keep the compass bowl completely 
filled with liquid » allowing for temperature 
changes. A filling screw facilitates addition of 
liquid which may become necessw notwith- 
standing the expansion bellows, 

LUBBERS LINE.— A reference mark on the 
inside of the compass bowl which is aligned 
with the ship^s fore and aft axis» or keel line 
of the ship. The lubbers line is a reference for 
the reading of direction from the compass card. 
The reading of the compass card on the lubbers 
line at any time is the ship's heading. 

GIMBALS. — The compass bowl has two pivots 
which fit or rest in a metal ring also having two 
pivots which rest in the binnacle. This arrange- 
ment (gimbals) permits the compass to remain 
almost horizontal in spite of the motion of the 
ship. An important concept is that, regardless 
of the movement of the ship, the compass card 
remains fixed (unless some magnetic material 
is introduced to cause additional deviation from 
the magnetic meridian). The ship, the compass 
bowl, and the lubbers line move around the 
compass card. To the observer as he witnesses 
this relative motion, it appears that the compass 
card moves. 

BINNACLE. — A nonmagnetic housing (fig. 2-3) 
which supports the magnetic compass and pro- 
vides a moans of inserting corrector magnets 
for compass adjustment as explained in art. 2ll, 
The binnacle also contains a light, usually below 
the compass bowl, to permit the reading of 
direction at night. 

207. LIMITATIONS 

The following characteristics of the magnetic 
compass limit its direction-finding ability; 

(a) It is sensitive to any magnetic disturb- 
ance. 




112.7 

Figure 2-3. — Binnacle containing magnetic com- 
pass. 



(b) It is useless at the magnetic poles and is 
sluggish and unreliable in areas near the poles. 

(c) Deviation changes as the ship's magnetic 
properties change. The magnetic properties 
change with changes in the induced magnetism, 
changes in the ship*s structure or magnetic 
cargo. Prolonged periods in dry dock, or along- 
side A dock, the heavy shock of gunfire or of 
riding out a heavy sea, and the vessel being 
struck by lightning, can alter the magnetic 
properties. 

(d) Deviation changes with heading. The ship 
as well as the earth may be considered as a 
magnet. The effect of the induced magnetism 
upon the compass changes with the ship's head- 
ing. 
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(e) It does not point to true north. 

(f) It requires adjustment annuallyi and more 
often if the ship is subjected to such influences us 
those described in (c) above. 

208. COISIPASS ERROR 

Compass error, defined as the inclination of 
the axis of the compass card to the true merkUun» 
may be easily computed since it is the algebruic 
sum of variation and deviation. Compass error 
(fig. 2-4) must be applied to compass direction 
to get true direction and must be applied to true 
Jirection, with reversal of sign» to arrive at 
compass direction. Variation is usually found 
recorded within the compass rose or direction 
reference of the chart in use, or by eye inter- 
polation between isogonic lines of variation 
printed on the more recent editions of charts. 
Deviation is found by consulting the magnetic 
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Figure 2-4. — Components of compass error. 
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mugnctlc compasfi tuble (deviation table) to take 
into account the utteot ot the degaussing equip-* 
ment when energised. 

209^ COMPASS COUUISCTION 

Magnetic compass correction requires the 
understanding of the relationship between compass 
error, variation, and deviation. The difference 
between compass and magnetic direction is devia- 
tion. The difference between magnetic and true 
direction is variation. The difference between 
compass and true direction is compass error, 
(See fig. 2-4.) When correcting or working from 
magnetic to tvue or from compass to true, add 
easterly errors and subtract westerly errors. 
When uncorrectlng, or working from true to 
magnetic or true to compass, subtract easterly 
errors and add westerly errors. Remembering 
the following Hue may help: 

Can Dead Men Vote Twice At Elections 

meaning 

Compass Deviation Magnetic Variation True 
Add East 

For magnetic compass error, one may use 
equally well the rule as later given for gyro 
error: ••Compass least, error east; compass 
bestt error west/" 

For example, if compass direction is 068 and 
deviation is 2 E, then magnetic direction is 070. 
If variation is 3 W, then compass error is 1 W 
and true direction is 067. 

If the sun is found to bear 105 by magnetic 
compass at a time which by computation the 
azimuth should have been 093 true, then compass 
error is 12 W. If the variation is 8 W, then the 
deviation must be 4 W, 

210. SWINGING SHIP 

The navigator computes deviation and pre- 
pares the magnetic compass table by an opera- 
tion called swinging ship. Briefly, swinging ship 
consists of recording compass bearings on dif- 
ferent headings and of comparing these compass 
bearings with true bearings obtained in some 
other manner, thus finding compass error. By 
applying variation to compass error, deviation 
is determined. 



Five general techniques in determining devia- 
tion are in current practice, listed as follows: • 

(a) Comparison with gyrocompass, This tech- 
nique is most common. It Is essential that the 
gyro error, if any, ascertained and applied. 

(b) Comparison with other magnetic compass 
with known deviation. 

(0) Reciprocal bearings from shore. A mag- 
netic compass may be established on shore free 
from magnetic influence other than the earth's. 
The ship, on various headings, observes the 
bearing of a marker near the shore compass. 
By some means of communication, the bearing 
of the ship may be received from the shore 
station. The reciprocal of the received bearing 
is compared with the magnetic bearing in order 
to determine the deviation. 

(d) Direction of distant objects, As a ship 
swings to a mooring buoy, a distant object of 
known true bearing may be observed. The radius 
of the circle of swing must be short in comparison 
to the distance in order that the true bearing does 
not change while the ship is at the extremes of 
its swing. A celestial body may be used for this 
as its azimuth can be precomputed and plotted 
as a function of time, 

(e) Ranges, Any two objects on shore, when 
In line, provide direction and are referred to 
as a range. By observing a range with the ship 
on different headings, compass error is easily 
determined, 

211. PRACTICAL COMPASS ADJUSTMENT 

The purpose of compass adjustment is to 
reduce or eliminate deviation. Following ad- 
justment, residual deviation must be measured. 

Before adjustment, if the navigator lacks 
experience, he should consult H,0, 226 ( Hand- 
book of Magnetic Compass Adjustment and Com- 
pensation) , This handbook contains a wealth of 
information; not only does it contain the theory 
of adjustment, but it contains a check-off list 
for adjustment and a guide in table form for the 
placing or movement of correctors, A summary 
of the order of procedure is as follows: 

(a) Place all deck gear in the vicinity of the 
compass in its normal position. Secure degaussing 
coils. Check the alignment of the lubbers line 
with the ship's fore and aft axis. C heck quadrantal 
spheres and Flinders bar for residual mag- 
netism. The quadrantal spheres are spheres 
mounted on the arms of the binnacle. 
To check them, rotate them in place and note 
any effect upon the compass card. The Flinders 
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bar is a cylindrical bar insegmentSi inserted in a 
tube usually located forward of the binnacle. Hold 
each segment horizontally near the north or south 
point of the compass card. If the compass card de- 
viates more than two degrees as a result of resid- 
ual magnetism in the quadrantal spheres or the 
Flinders bar, demagnetization of one or both by 
reannealing is appropriate. 

(b) Place the Flinders bar by computation or 
estimate. The Flinders bar corrects deviation 
caused by induction in vertical soft iron. 

(c) Place the quadrantal spheres by estimate. 
These spheres correct deviation caused by in- 
duction in symmetrically placed soft iron, 

(d) Place the heeling magnet, red end up in 
north magnetic latitude, and lower to bottom of 
tube unless better information is available. This 
device corrects for errors due to the roll and 
pitch of the ship. 

(e) Steam on two adjacent cardinal headings 
and correct all deviation from permanent mag- 
netisrii using "fore and aft" magnets for east and 
west headings and "athwartship" magnets for 
north and south headings. 

(f) Steam on the two remaining cardinal head- 
ings. Using athwartship and fore and aft magnets 
correct half of any remaining deviation resulting 
from permanent magnetism. 

(g) Correct the position of the quadrantal 
spheres by removing all deviation on one intercar- 
dinal heading. Steam on an adjacent intercardinal 
heading and remove half of the remaining de- 
viation. 

(h) Record corrector positions and secure 
the binnacle. 

(i) Swing ship and record residual deviation, 
(j) Energize degaussing circuits (if installed). 

Repeat swing, record residual deviation and enter 
values in the magnetic compass table (see figure 
2-5). With degaussing circuits energized, the re- 
sidual deviation should not differ more tlian two 
degrees from thatpreviously recorded. In addition 
to H.O. 226, the navigator should consult the 
Naval Ships Technical Manual, Chapters 9240 
and 9810, 

212. THE GYROCOMPASS 

While the magnetic compass uses the earth's 
magnetic field, the gyrocompass uses the earth's 
gravitational field and rotation, and the inherent 
properties of a gyroscope known as gyroscopic 
inertia and precession, for directive force. The 
gyrocompass, unlike the magnetic compass, is 
essentially a modern device, although the basic 
theory of its operation had early antecedents. The 
ancient Eg>T)tians understood something of the 
earth's rotation on its axis, and of precession. 



Sir Isaac Newton^s first law of motion which 
stated that ••a body at rest or in motion will re- 
main at rest or in uniform motion unless some 
««ernal force is applied to it,»» (see Appendix B) , 
has application to gyroscopic inertia. Newton^s 
mathematical explanation of the earth's preces- 
sioni a conical motion of the earth^s axis caused 
by the gravitational pull of the sun, set the stage in 
the seventeenth century for the development of the 
gyroscope. Newton was followed by other British 
and German scientists whose experiments ad- 
vanced the use of a rotor for direction reference. 
B'Sed on these advances, the French physicist 
Foucault demonstrated the earth^s rotation using 
a pendulum in 1851, and with a spinning wheel, 
which he named a "gyroscope,'* a year later. By 
1908, gyrocompasses had been successfully tested 
in theGermanNavy,andinl911,Dr. Elmer Sperry 
demonstrated his American model in the battle- 
ship U.S.S. Delaware. After World War I, gyro- 
compasses gained in usage, although the early 
concepts of gyrocompass design saw little change 
until mid-century. During the past two decades, 
gyrocompass design and usage have rapidly ad- 
vanced, 

213. PRINCIPLES OF GYROCOMPASS 
OPERATION 
The gyroscope, a rapidly spinning body with 
three axes of angular movement, is increasingly 
used bogh for navigational reference and for pro- 
viding stabilization data. One axis of the gyroscope 
is the spin axis; the other axes support inner and 
outer gimbals. Gyroscopic inertia tends to keep 
the gyroscope spinning in the same plane inwhich 
it is started. When a force is applied to the axis of 
a spinning gyrocompass, the axis rotates 90® from 
the direction in which the force applied. This, 
known as precession, is in accordance with 
Foucault's law which stated that "a spinning body 
tends to swing around so as to place its axis par- 
allel to the axis of an impressed force, such that 
its direction of rotation is the same as that of the 
impressed force" (see Appendix B). Thus by the 
application of torques of the proper direction and 
magnitude, a gyroscope can be made to align its 
axis of rotation with the plane of the meridian, and 
provide direction as a compass. The pull o 
gravity provides the necessary torque, keeping th' 
spinning axis parallel to the meridian, causin 
precession around a vertical axis at a rate ar 
direction which cancels the effect of the earth's 
rotation, and causing the spinning axis to remain 
nearly level when parallel to th-:^ meridian. Oscil- 
lations across the meridian are reduced 
by a damping action to tlie force pro- 
ducing precession. Additionally, more precision 
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la obtained by compensation of those errors 
introduced by a shipboard environment. 

2U. COMPARISON OF GYROCOMPASS 
AND MAGNETIC COMPASS 

The gyrocompass has four important ad- 
vantages over the magnetic compass, as follows: 

(a) The gyrocompass seeks true north, 
whereas the magnetic compass seeks the direc- 
tion of the magnetic north pole. 

(b) The gyrocompass is not affected by prox- 
imity to the magnetic poles. The magnetic com- 
pass, on the other hand, is rendered useless 
near the magnetic poles because the directional 
force of the earth's magnetic field is almost 
vertical in these areas. 

(c) The gyrocompass is not affected by mag- 
netic material. It can therefore be located in a 
well protected place below decks. The magnetic 
compass is very sensitive to nearby magnetic 
material; hence it must be located topside in a 
relatively unprotected place. Even so, the mag- 
netic compass is usually subject to errors due 
to the magnetic properties of the metal in the 
ship. 

(d) The directional information provided by 
the gyrocompass can be transmitted electrically 
to remotely located indicators called gyro re- 
peaters. The magnetic compass is not as readily 
adaptable to this type of remote indication* 

Limiting features of the gyrocompass include: 

(a) The gyrocompass is a complex mechanical 
device and hence is subject to mechanical failure. 
The magnetic compass, being a very simple in- 
strument, is virtually immune to mechanical 
failure. 

(b) The gyrocompass is dependent upon an 
uninterrupted supply of electrical power. In 
various types of emergency, it is not uncommon 
for the ship's main electrical power source to 
fail, and thus an alternate supply source is re- 
quired. The magnetic compass would naturally 
be unaffected by a power failure. 

(c) The gyrocompass requires the services 
of a skilled technician for niaintenance and re- 
pair. Very little skill is required to keep the 
magnetic compass operating properly. 

(d) The directive force, and hence the ac- 
curacy, of the gyrocompass decreases at h?.gher 
latitudes, particularly above 75°, although newer 
precision models such as the Mark 19 have 
largely overcome this limitation. 

(e) Older models of the gyrocompass must 
be adjusted to compensate for errors caused 



by change of latitude, change of speed, and 
acceleration. Furthermore, after these compen- 
sations have been made, a small residual error 
Is not uncommon. However, the latest models, 
including the Mark 19, have automatic speed 
and latitude compensating devices. 

(f) The gyrocompass should be started four 
hours prior to getting underway to ensure satis- 
factory operation. If it is expected that the ship 
will get underway on short notice, the gyro- 
compass should be kept running. In an emergency, 
the gyrocompass can be started and, while slightly 
less dependable, can generally be used after thirty 
minutes of operation. 

In summing up the relative merits of the two 
compasses, it can be said that the magnetic 
compass is the most reliable while the gyro- 
compass is the most convenient. 

215. GYRO ERROR 

A modern gyrocompass, properly adjusted, 
generally has an error of only a fraction of a 
degree. Occasionally, an error of a degree or 
more may be present. In case of serious mal- 
function, the error may be as much as 180^. 
It is not a perfect compass, and it requires 
frequent checking. Usually, and particularly in 
naval ships, the acciu'acy of the gyrocompass 
is checked at least daily when underway. The 
prudent navigator checks his gyrocompass at 
every practical opportunity. This is done by 
celestial observation, by noting a range (two 
objects in line of known true direction), by 
routine comparison with the magnetic com- 
pass, and by trial and error as described in 
Chapter 7. 

The difference between true direction and 
direction by gyrocompass is known as ''gyro 
error." It is classified as "easterly" or 
"westerly." If the compass points to the east 
of true north, the error is easterly. Conversely, 
if the compass points to the west of north, 
the error is westerly. To convert gyrocompass 
direction to true direction when gyro error 
exists, add easterly and subtract westerly gyro 
error. To convert true direction to direction by 
gyrocompass, subtract easterly and add westerly 
gyro error. When the error is easterly, the 
gyrocompass reads low, and when westerly gyro 
error exists, the gyrocompass reads too high. 
"Compass least, error east: compass best, 
error west." 

As an example, if the true bearing of two 
objects in a range is 075 and the gyro bearing 
is 076.5, the gyro error is 1.5 west. If the 
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Figure 2-6. — Sperry Mark 19 Mod 3C (gyrocompass equipment. 
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asimuth of the sun is observed to be 164 when 
the computed true asimuth is 164.6. the gyro 
error is 0.5 east. 

216. GYRO SYSTEMS 

Gyrocompass design has seen many improve** 
ments since the Mark 1 was introduced after 
Sperry's initial installation In the U.S.S. 
Delaware, loday, many destroyers for example, 
have the Mark 11 Mod 6. The master compass 
in this system includes a sensitive element, 
mercury ballistic, phantom element, spider, bin- 
nacle and glmbal rings. The sensitive element 
is north seeking, and the mercury ballistic uses 
gravity to make the compass seek north. The 
phantom elemen*^ consists of parts which support 
the sensitive element, which in turn is sup- 
ported by the spider. Pivoted gimbals within the 
binnacle or case support the spider. 

The Mark 19 Mod 3 (see figure V.-S), as 
used generally in larger naval ships, contains 
two gyroscopes which serve as a sensitive 
element. A meridian gyro aligns its spin axis 
with the meridian, and a slave gyro mounted 
on the same support, is oriented east aid west. 
This system identifies the true vertical, as 
well as north, and thus is useful in fire control. 

The Mark 23 Mod 0 is a small gyrocompass 
designed for use in smaller ships. It is also 
used as a second or auxiliary compass in larger 
vessels. Some features, such as that of sensing 
the force of gravity, are similar to those found 
in the Mark 19. 

In the most recent Sperry gyrocompass, 
the Mark 27, outside gimbal rings are eliminated, 
and the conventional wire suspension is re- 
placed by flotation in silicone oil. It is accord- 
ingly smaller and more simplified. Unlike older 
gyrocompasses, which established the vtjrtical 
by a pendulous suspension of the instrument, 
the Mark 27 is designed to use a feature known 
as "deck-plane azimuth." This new insight 
eliminates the need for pendulous suspension. 
Nevertheless, it is compatible with the needs 
of the navigator who uses a coordinate system 
which is perpendicular to the vertical. Azimuth 
error with this new design, as compai-ed to 
azimuth in the horizontal plane, is. 0° on the 
cardinal headings (0°, 90°, 180°, arid 270°) and 
maximum, but acceptable, on the intercardinal 
headings (45°, 135°, 225°, and 315°). The speed 
of the wheel, 12,000 rpm, is just half the speed 
in the Mark 19, and this alone reduces the 
power requirement and the generated heat. The 
advantages of the Mark 27 are that it is a highly 
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Figure 2-7.— Gyro repeater. 

reliable, rugged, easy to operate, reasonably 
small, and relatively inexpensive, gyrocompass. 

For the care and overhaul of gyro systems. 
Chapter 9240 of Naval Ships Technical Manual 
is applicable. 

217. THE GYRO REPEATER 

While technically a part of the gyro system, 
the gyro repeater (fig. 2-7) can be treated as 
a compass. It consists of a compass stand, 
a lubber's line (reference point aligned with 
fore and aft axis of the ship), and compass 
card graduated in 360 degrees. The compass 
card is driven through a synchro system which 
receives an electrical input from the master 
gyrocompass. 

A gyro repeater mounted in the pilot house 
in the vicinity of the helm is known as a "steer- 
ing repeater." If mounted on the wings of the 
bridge or elsewhere for the convenience of 
taking bearings or azimuths, a gyro repeater 
is simply called a "bearing repeater." Other 
repeaters in the gyro system are built into 
those instruments and devices which require 
the indication of direction, such as radar, fire 
control, and automatic dead reckoning equipment. 
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30: . GENERAL 

In determining position, and in conducting a 
ship or aircraft from one position to another, 
the navigator must utilize certain instruments 
in addition to the compass as discussed in the 
preceding Chapter. These usually include bear- 
ing taking devices which are used in conjunction 
with the compass. Speed, distance, and depth 
measuring devices are essential. Plotting tools, 
automatic dead reckoning, relatively sophisti- 
cated electronic navigation equipment, time- 
pieces, and celestial navigation instruments are 
also included. 

Instructions for the care, custody, and re- 
placement of navigational instruments in naval 
ships are contained in Naval Ships Technical 
Manual. Chapter 9240. 

302. BEARING TAKING DEVICES 

Instruments for observing azimuths and bear- 
ings consist of azimuth circles, bearing circles, 
telescopic alidades, self-synchronous alidades, 
and peloruses or dumb compasses. Their de- 
scriptions follow. 

An AZIMUTH CIRCLE (fig. 3-1) is a non- 
magnetic metal ring sized to fit upon a 7 1/2 
inch compass bowl or upon a gyro repeater. 
The imier lip is graduated in degrees from 0 
to 360 in a counterclockwise direction for the 
purpose of taking relative bearings. Two sighting 
vanes, the forward or far vane containing a 
vertical wire, and the after or near vane con- 
taining a peep sight, facilitate the observation of 
bearings and azimuths. Two finger lugs are used 
to position exactly the instrument while aligning 
the vanes. A hinged reflector vane mounted at 
the base and beyond the forwsu-d vane is used 
for reflecting stars and planets when observing 
azimuths. Beneath the forward vane a reflecting 
mirror and the extended vertical wira are 



mounted, enabling the navigator to read the 
bearing or azimuth from the reflected portion 
of the compass card. For observing azimuths of 
the sun, an additional reflecting mirror and 
housing are mounted on the ring, each midway 
between the forward and after vanes. The sun's 
rays are reflected by the mirror to the housing 
where a vertical slit admits a line of light. This 
admitted light passes through a 45 degree re- 
flecting prism and is projected on the compass 
card from which the aaimuth is directly read. 
In observing both bearings and azimuths, two 
spirit levels, which are attached, must be used 
to level the instrument. An azimuth circle with- 
out the housing and spare mirror is called a 
BEARING CIRCLE. 

A TELESCOPIC ALIDADE (fig. 3-2) is similar 
to a bearing circle, differing only in having a 
telescope attached to the metal ring in lieu of 
the forward and after sight vanes. A reticule 
within the telescope, together with a prism, 
facilitates the reading of bearings while the 
telescope lens magnifying power makes distant 
objects appear more visible to the observer. 
When looking tluough the telescope, the bearing 
may be read, since the appropriate part of the 
compass card is reflected by the prism in such 
a way as to appear in the lower part of the field 
of vision. 

When a ship is yawing badly, it is easy to 
lose sight of an object using the telescopic 
alidade, the field of vision being very limited. 
To overcome this handicap, a telescope has been 
mounted on a compass card having an additional 
synchro motor driven by the master gyrocom- 
pass. It is possible with this development to 
set the alidade on a desired true bearing and 
observe an object without having the telescope 
deviate from the desired bearing because of the 
motion of the ship. This instrument is the 
SELF-SYNCHRONOUS ALIDADE. See figure 3-3. 

The PELORUS (dumb compass) (fig. 3-4) 
consists of a compass stand, compass bowl 
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65.122 

Figure 3-1.— Azimuth circle. 



(containing lubber's line), and corni^ats card. 
The compass card, which is graduated in 360 
degrees, may be rotated using a knurled knob 
on the side of the compass N^'"' . To obtain a 
true bearing using the pelorus and bearing circle, 
the observer must match the ship's true course 
on the compass card, and the lubber's line on 
the compass bowl, using the knurled knob. After 
aligning the sight vanes with the object, he should 
call "Mark" and note the bearing from the 
reflected portion of the compass card. On 
"Mark" the helmsman should note the ship's 
heading. The observer should then apply the 
difference between course and heading as a 
correction to his bearing, taking care to apply 
the correction in the right direction. Another 
method is to read the relative bearing from the 
inner lip of the bearing circle at the lubber's 



Une; then the relative bearing is adde ' to the 
true heading noted at time of "Mark," to obtain 
the true bearing. For greater convenience, in 
modern installations the dumb compass has been 
generally replaced with a gyro repeater. In cur- 
rent usage, however, a gyro repeater mounted 
in a "pelorus" stand will be referred to as a 
"pelorus." 

303. SPEED MEASURING DEVICES 

Instruments for measuring speed or distance 
sailed are known as logs, and may be considered 
under six general types. 

An old and simple type was the CHIP LOG 
which consisted of a piece of line containing 
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Figure 3-2. — Telescopic alidade. 



equally spaced knots and terminated by a wood 
float. The log was paid out over the stern of a 
ship underway. By counting the knots paid out 
over a period of time, and considering the dis- 
tance between knots, the navigator computed 
speed. A more accurate type of chip log consists 
simply of a chip of wood and a timepiece such 
as a stop watch. While the ship is in motion the 
chip is thrown into the water forward of the stem 
and to leeward. The relative motion of the chip 



is observed, and as it passes the stem of the ship 
the stop watch is started. As it passes the stern, 
the stop watch is stopped. From the elapsed 
time and the length of the ship, the navigator 
computes speed. Before stop watches were avail- 
able, a sandglass was used for time measure- 
ment with all forms of chip logs. 

More in general use is the Pitometer or 
PITO-STATIC type. Pitometer logs (pit logs) 
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45.39(69)B 

Figure 3»3.— Self-Bynohronous alidade. 



have a three foot pitot tube extending through 
the hull, which contains two or more orifices, 
one of which measures djmamic pressure and 
the others static pressure. Through a system of 
bellows, mercury tubes, electromechanical link- 
ages, or some combination thereof, the differ- 
ence between dynamic and static pressure is 
measured. This difference, being proportional 
to speed, is recorded on a master indicator 
capable of transmitting readings to remote sta- 
tions. 

A log in general use is the IMPELLER TYPE 
Underwater Log System in which a water-driven 
propeller produces an electric impulse which 
in turn is used to indicate speed and distance 
traveled. A rodmeter, extending about two feet 
through the sea valve, contains the impeller in 
its head assembly. The frequency of the alter- 
nating current generated is amplified and passed 
to a master transmitter indicator, and is directly 
proportional to ship's speed. 

Also in general use, and of high precision 
and accuracy, is the ELECTROMAGNETIC log. 
Calibrated for speeds of 0 to 40 knots, it con- 
sists of a rodmeter, which is generally retract- 
able through a sea valve, and an induction device 
to produce a signal voltage. Its principle of 
operation is that any movement of a conductor 
across a magnetic field, or any movement of 




69.20 

Figure 3-4. — Pelorus or "dumb compass." 



a magnetic field with respect to a conductor, 
will induce a signal voltage that is measurable 
and trans mi ttible. This voltage varies with the 
speed of the ship, thus providing an accurate 
indication of speed. AlthDugh pitching and roll- 
ing of the ship will also provide an incremental 
output signal, such is rejected by the trans- 
mitter indicator. 

With pito-static and rodmeter types of logs, 
it is essential that the navigator at all times be 
aware of the ship's increased draft when the pitot 
tube (known also as the pit sword) or the rod- 
meter is lowered. When shallow water, or any 
endangering underwater obstruction, is ap- 
proached, the pitot tube or rodmeter should be 
raised and housed. 

A log less accurate but still in use, par- 
ticularly in small craft, is the TAFFRAIL or 
PATENT log, Jt consists of a rotator and sinker 
attached to a line paid out astern and connected 
to a registering device located on an after rail 
or taffrail. Towed sufficiently far astern to avoid 
the wake effect, the rotator turns by the action 
of the water against its spiral fins. Through 
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the log line, the register » which is calibrated to 
indicate miles and tenths of miles run, is driven. 
The taffrail or patent log should be frequently 
checked for accuracy. Importantly, the log tends 
to read slightly high in a head sea and slightly 
low in a following sea. 

An important feature of the logs thus far 
described is that they are intended to measure 
the speed through the water. Coming into use 
is the Doppler sonar which provides an effective 
means for measuring speed over the bottom. 
This innovation in speed measurement has a 
great advantage in accuracy, making it particu- 
larly useful in piloting and specifically in anchor- 
ing and mooring. It is, however, limited to use 
in water depths of only a few hundred feet. 

An example of the newest log is the Sperry 
Doppler Sonar Speed Log, Model SRD-301. It 
uses a pulse system at a frequency of 2 Mega- 
hertz and a single, extremely small, transducer. 
Because of its small size, the transducer is 
mounted flush with the bottom of the hull. This 
precludes fouling or damage by seaweed or other 
objects, and makes it unnecessary to install 
pneumatic or hydraulic retracting mechanisms. 
Digital data outputs provide data to . adar and 
other navigation and collision avoidance systems. 
It has a speed range of 0 to 35 knots. See figure 
3-5. 

DISPLAY UNIT ELECTRONICS 



In addition to the use of logs we may compute 
the approximate speed knowing engine or shaft 
revolutions per minute (RPM), Within the engine 
room, a counter records either engine turns, 
shaft turns, or both. The ratio of engine turns 
to shaft turns is the reduction gear ratio and 
both are directly related to speed since speed 
is dependent upon the turning of the propellers 
and the pitch of the propeller blades (constant 
on most vessels). A ship may run a measured 
mile (a course of definite length established by 
ranges on shore) at various engine or shaft HPM 
settings and prepare a graph showing speed 
vs RPM, with RPM along the ordinate and speed 
in knots along the abscissa. From this graph 
a table may be prepared to provide a useful 
reference for both the officer of the deck and 
the navigator, 

304. AUTOMATIC DEAD RECKONING 
EQUIPMENT 

This equipment consists of a DEAD RECKON- 
ING ANALYZER-INDICATOR (DRAI), (fig. 3-6) 
and a DEAD RECKONING TRACER (DRT) (fig, 
3-7). Since dead reckoning requires the knowl- 
edge of the direction and the speed of the ship's 
progress » electrical inputs from the gyro and 
log are required to supply the DRAI with direc- 
tion and speed respectively. The DRAI resolves 

UNIT 



TRANSCEIVER 




TRANSDUCER 



TO SHIP'S SUPPLY 

SEA CHEST HQ ^ 
190.3 

Figure 3-5. — Composition of Sperry Doppler Sonar Speed Log SRD-301 System, 
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40.147 

Figure 3-6. — Dead Reckoning Analyzer-Indicator Mark 9 Mod 0. 



direction and speed into east-west and north- 
south components and sends these components 
as inputs to the DRT. On direct reading dials^ 
the dead reckoned coordinates in latitude and 
longitude £u:e generally given. These dials should 
be set to conform to the ship's position upon 
starting the dead reckoning equipment and reset 
upon fixing the ship's position. While the dials 
are convenient, the DRA'i unfortunately cannot 
account for current effect. A scale setting for 
the DRT is selected and made, and this setting 
together with heading and speed inputs from the 
gyro and log respectively, after resolution by 
the DRAI into N-S and E-W components, enable 
the DRT to trace the ship's track. (See figure 
3-8.) 

The DRT may be used to produce either a 
geographical or a relative plot. Foi a geographical 
representation, a Mercator or a polar coordi- 
nate* chart is used, with chart scale fully con- 
siderc^d. The ship's progress is traced with 



pencil as its position image moves across the 
chart. For a relative plot, used primarily in 
tactical situations on the high seas, blank plotting 
paper is used. Contacts or targets are plotted 
with respect to the ship, in addition to a trace 
of the ship's path. A type of DRT used largely 
in antisubmarine warfare ships is the NC-2 
Mod 2 Plotting Table which conveniently pro- 
jects by spots of light not only the ship's posi- 
tion but that of certain selected targets. 

305. SHOUT RANGE MEASURING 
INSTRUMENTS 

For ranges of 200 to 1 0,000 yards the 
STADIMETER is utilized. The trigonometric 
principle employed is that in a rignt triangle, 
if one knows the length of one leg and the value 
of the opposite angle, the length of the other leg 
may be computed. On an index arm of a sta- 
dimeter the height of an object in feet is set; 
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40.61 

Figure 3-7. — DRT plotting table. 



this moves r^n index mirror through a small arc 
and thus introduces one given value. Through 
a sighting telescope, two images of the object 
of known height may be viewed. A direct image 
appears on the left and a reflected image ap- 
pears on the right (the reflected image is pro- 
duced by the index mirror). By moving a mi- 
crometer drum, the top of the reflected image 
may be brought into coincidence with the bottom 
of the direct image. This movement of the 
micrometer drum measures •the subtended arc 
(the second given value) and automatically solves 
the triangle for the length of the adjacent leg; 
from the drum, the range in yards (length of 
adjacent leg) may be read directly. Two types 



of stadimeter, alike in principle of operation 
but differing in construction, are the Brandon 
sextant type (fig. 3-9) and the Fisk type (fig. 
3-10). 

306. DEPTH MEASUi^lNG DEVICES 

Depth measuring devices may be classified as 
mechanical and electronic. The mechanical type 
is represented by the hand lead; the most com- 
mon example of an electronic type is the fathom- 
eter . 

The oldest and most reliable depth finding 
device for shallow depths is the HAND LEAD, 
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190.4 

Figure 3-8. — Schematic of DRAI/DRT. 



Reference is made to its use in the New Testa- 
ment (27th Chapter, Acts of the Apostles). It 
consists of a lead weight (7-14 lb) attached to 
a 25 fathom line marked as follows: 

2 f m 2 strips of leather 

3 f m 3 strips of leather 
5 fm white rag 

7 fm red rag 

10 fm leather with hole 

13 fm same as 3 fm 

15 fm same as 5 fm 

17 fm same as 7 fm 

20 fm line with two knots 

25 fm line with one knot 

The hand lead is heaved by using a pendulum 
motion to produce momentum for two complete 
turns, then let go at such time as to allow the 
lead to sink ahead of the chains (station on ship 
from which soundings are taken). The leadsmen 
call out depths referring to definite markings 
as ''By the mark...." and other depth values 
as •'By the deep. Phraseology for fractions 
are ''And a half/' "And a quarter," or "A 
quarter less" as appropriate; for example, ''And 
a half five" (5 1/2 fm) or "A quarter less 
four" (3 3/4 fm). The lead line should be meas- 
ured and marked when wet. In the end of the lead 
a hollow indentation permits "arming," which 



is the application of tallow or other suitable 
substance to the indentation in order to sample 
the bottom for determination of type or com- 
position. 

The DEEP SEA LEAD is a lead weighing 
from 30 to 50 lbs. attached to about 100 fm of 
line for deep water sounding. 

The FATHOMETER (fig. 3-11) or echo sounder 
is an electronic device which Is capable of trans- 
mitting a sound signal vertically and of meas- 
uring the time between transmission of the 
signal and return of the echo. Since the signal 
must travel to the bottom and return, the depth 
is half of the distance traveled, considering the 
average speed of sound waves in water, which 
is about 800 fathoms per second. The navigator 
must remember that the fathometer sends the 
signal from the keel and therefore recorded or 
indicated depths are depths under the keel. 
Actual depth is equal to the sum of (1) depth 
under the keel and (2) draft of the ship. More 
importantly, the navigator must know the depth 
under the lowest projection, usually the sonar 
dome in naval ships. The AN/UQN-4, a new 
precision echo sounder, is the planned successor 
to the AN/UQN-1 currently in general use. 

307. ELECTRONIC INSTRUMENTS 

Six electronic instruments or systems con- 
tribute materially to navigation; these are the 
radio receiver, the radio direction finder^ radar, 
sonar, loran, and Decca. 

The RADIO RECEIVER provides a method 
of receiving time signals, weather, and hydro- 
graphic messages which advise the navigator 
of changes in navigational aids* 

A RADIO DIRECTION FINDER (RDF) con- 
sists of a receiver and a loop antenna which 
is direction sensitive. The bearing of any station 
which transmits may be ascertained, and if it can 
be identified, a locus of position obtained. Also 
certain RDF stations, will upon request, re- 
ceive a transmission and report the bearing. 

RADAR (an abbreviation of the term "radio 
detecting and ranging") equipment sends out 
radio waves in a desired direction and meas- 
ures the time delay between transmission of 
a signal and the receipt of its echo. Using the 
time delay and the speed of travel of radio 
waves in air, the equipment is capable of indi- 
cating range (distance). 

SONAR (sonic ranging) equipment, although 
developed primarily for underwater detection, 
fulfills a navigational purpose by furnishing 
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58.78.1 

Figure 3-9, — Brandon sextant type stadimeter. 



distances and bearings of underwater objects, 
Sonar transmits a sound wave in water in any 
desired direction; if an echo is received, it 
measures the time delay, takes into account 
the underwater speed of sound, and then indi- 
cates both the distance and the bearing of the 
reflecting object. 

LORAN (an abbreviation of the term "long 
range navigation") equipment consists of a radio 
receiver on board ship and pairs of transmitting 
stations on shore. The radio receiver measures 
the time delay between receipt of signals from 
Individual stations within each station pair; each 
time delay produces a hyperbolic locus of posi- 
tion. 

DECCA is a British electronic navigation 
system in which the distances from transmitters 
are determined by phase comparison. Each 



master station is associated with three second- 
ary s<.ations; all transmit a continuous wave at a 
different frequency, making it possible for hyper- 
bolic lines or loci of position to be determined. 

Except for radio receivers, the above elec- 
tronic instruments or sets are described in 
greater detail in Chapter 8. Newer electronic 
navigation systems now coming into use are 
described in Chapter 9. 

308. CELESTIAL NAVIGATION 
INSTRUMENTS 

The primary celestial navigation instrument 
is the SEXTANT, so named because as originated 
it contained a metal frame which represented 
one sixth of a circle. Like the stadimeter (es- 
pecially the Brandon sextant type), the field of 
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58.78.2 

Figure 3-10. Fisk-type stadimeter. 



vision offered by the sextant provides a direct 
image on the left and a reflected image on the 
right. By moving the index arm along the limb 
of the instrument, an index mirror is rotated 
through a small angle, a celestial body is brought 
into coincidence with the horizon, and a vertical 
angle is measured. The value of this angle may 
be directly read from the limb and vernier. 
The instrument may also be held 90 degrees to 
normal and used to measure horizontal angles 
by bringing two objects into coincidence. The 
sextant is described in greater detail in Chapter 
12. 

309. TIMEPIECES 

The knowledge of precise time is essential 
to the computation of longitude. Therefore, since 
a modern navigator must compute longitude as 
well as latitude to completely fix his position, 
he provides himself with accurate time through 
the use of chronometers. Ship's clocks, com- 
paring watches, and stop watches, are also essen- 
tial timepieces. 

The CHRONOMETER is a high grade clock 
mounted in a nonmagnetic case supported by 
gimbals and resting in a padded wooden case. 
The chronometer is wound daily and frequently 
checked by radio time signal; it is initially set 
to keep the time of Greenwich, England (Green- 
wich mean time). Subsequent error is recorded 
as checked, without resetting of the chronometer. 




62.9 

Figure 3-11.— AN/UQN-1 fathometer. 

SHIFTS CLCXI!KS are ordinary spring-powered 
clocks set to keep standard or zone time nnd 
located within a ship wherever essential. Thuse 
clocks mast be wound, checked, and reset (if 
necessary) every 6 days. 

The COMPARING WATCH is a high grade 
pocket watch which the navigator uses for check- 
ing the exact time of observation of celestial 
belies . Upon the navigator *s ' •Mark, ' ' when 
observmg a celestial body, the quartermaster 
records the time as vjad from the comparing 
watch. Later the quaurtermaster compares the 
watch with the chronometer and after applying 
any watch or chronometer error, provides the 
navigator with either the local zone time or the 
Greenwich mean time of the observation. 

The STOP WATCH is useful in celestial 
navigation, and in piloting for the identification 
of lights. When observing celestial bodies, the 
watch is started on the first ''Mark." On suc- 
ceeding Marks" the time in seconds is recorded. 
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4.16 

Figure 3-12. — Parallel ruler. 



After observation, the stop watch is compared 
(at a given instant) with the chronometer and 
the chronometer time of the first sight or obser- 
vation is computed. Any chronometer error 
present is applied, providing the Greenwich 
mean time of the first observation. For the 
Greenwich time of subsequent observations, the 
recorded times in seconds are added to the 
Greenwich mean time of the first sight. Time- 
pieces including newer quartz crystal oscillator 
clocks, are described in greater detail in chapter 
11. 

310. PLOTTING INSTRUMENTS 

The most basic of plotting instruments is 
the PENCIL; navigators use No. 2 or No. 3 
pencils, and keeping all lines shorty write labels 



legibly, and lightly to facilitate easy erasure. 
Art gum erasers are normally used for erasure 
since in comparison with India red rubber 
erasers, art gum is less destructive to chart 
surfaces 

The NAVIGATOR'S CASE which contains 
drawing compass, dividers, and screw driver 
(for adjusting points) is an essential navigation 
instrument. Dividers aie used to measure dis- 
tance; the drawing compass is useful for con- 
structing circles and arcs such as circular lines 
of position and arcs of visibility. 

PARALLEL RULERS (fig. 3-12) are simple 
devices for plotting direction. The rulers con- 
sist of two parallel bars with cross braces of 
equal length which are so attached as to form 
equal opposite angles, thus keeping the bars 
parallel. The rulers are laid on the compass rose 
(direction reference of a chart) with the leading 
edge aligning the center of the rose and the 
desired direction on the periphery of the rose. 
Holding first one bar and moving the second, then 
holding the second and moving the first, parallel 
motion is insured. Lines representing direction 
may be plotted as desired upon the chart. 

The ROLLER RULER consists of a rectangular 
frame with pivot points at two inside extremes 
holding a hexagonal roller. From any desired 
position this ruler may be rolled, thus trans- 
ferring parallel lines of direction. 




59.57(190) 

Figure 3-13. — Universal drafting machine. 
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and drafting arm^ desired angles which repre- 
sent direction, may be drawn. 

The UNIVERSAL DRAFTING MACHINE or 
PARALLEL MOTION PROTRACTOR (fig. 3-13) 
is a plotting device which is anchored to the 
chart table and consists of two links and a draft- 
ing arm. Between the two links an elbow per- 
mits unrestricted movement. Between the out- 
board link and the drafting arm a metal disc 
is graduated as a protractor. It permits orienta* 
tion of the protractor with the chart. A set screw^ 
usually on the inner edge, is loosened when in 
use, in order to set the drafting arm on any given 
direction, it is tightened before plotting. The 
advantage of the Universal drafting machine over 
other plotting instruments is speed. 

A THREE-ARM PROTRACTOR (fig. 3-14) 
consists of a circular metal or celluloid disc 
graduated in degrees with a fixed arm at 000 and 
two movable arms, attached to the center. After 
a sextant observation of two horizontal angles 
defined by three objects with the observer at 




45.52(74) 

Figure 3-15. — Nautical slide rule. 
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29.269(190)X 
Figure 3-14. — Three-arm protractor. 



The HOE Y POSITION PLOTTER is a celluloid 
protractor with an attached drafting arm. The 
protractor has imprinted horizontal and vertical 
lines permitting alignment with parallels or 
meridians. After alignment, using the protractor 
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the vertex, the three-arm protractor may be set 
up to represent the two angles and the position 
of the observer. When the three«arm protractor 
has been thus set and oriented to the objects 
used for measurement, on the chart, the center 
of the protractor is the position of the observer. 

Two right triangles may be used in conjunc- 
tion with a compass rose as a means for plotting 
direction, 

Although not a plotting instrument in a true 
sense, a useful plotting accessory is the nautical 
slide rule (fig. 3-15). Composed of plastic, and 
circular in shape, the nautical slide rule pro- 
vides a quick solution for problems involving 
time, speed and distance. It solves the formula 
D = S X T in which D is distance in miles, S 
is speed in knots, and T is time in hours. Addi- 
tionally, it provides distance in both miles and 
yards, and time both in hours and minutes* 
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69,86 

Figure 3-16. — Mercurial barometer. 




69,87 

Figure 3-17, —Aneroid barometer. 

311. WEATHER INSTRUMENTS 

The basic weather instrument is the BAROM- 
ETER which measures atmospheric pressure in 
terms of inches of mercury. Two types, the 
mercurial (fig, 3-16) and the aneroid (fig, 3-17), 
are in use. The mercurial consists of a column 
of mercury acted upon at the lower surface by 
the atmospheric pressure which drives the mer- 
cury up into a vacuum tube calibrated for read- 
ing in inches. The aneroid barometer is more 
complicated mechanically and consists of a metal 
cylinder which contracts and expands with 
changes in atmospheric pressure. This change 
passes over a linkage to an indicator where the 
pressure, in inches of mercury, may be read. 
Standard atmospheric pressure is 29,92 inches. 
Fluctuations in pressure are indications of 
weather changes, 

A THERMOMj^TEH is a well known instru- 
ment for determining temix^rature (also useful 
in weather prediction), scarcely necessary to 
be described. Most Navy thermometers are 
calibrated in accordance with the Fahrenheit 
scale (freezing of water 32 degrees, boiling 
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point 212). The Centigrade thermometer is gen* 
erally used in experimental work (freezing point 
of water 0 degrees, boiling point 100). 

The PSYCHROMETER consists of two ther- 
mometers mounted side by side in a wooden 
case. One conventional type thermometer is 
called the "dry bulb." The other, called the 
"wet bulb," has a small container of water 
connected to the outside surface of the bulb by 
a wick. The evaporation of water around the 
wet bulb lowers the temperature, bringing about 
a lower reading. By comparing the two ther-- 
mometer readings and consulting a table con-* 
tained in The American Practical Navigator 
(Bowditch), the relative humidity, which is use- 
ful in weather predicting, may be computed. 

The ANEMOMETER measures wind velocity. 
It consists of a metal cross, having a small 
sphere at each extremity, which rotates in the 
horizontal plane as a result of wind force. It is 
mounted in an exposed location on the mast or 
yardarm and is equipped with an electrically 
operated indicating device which is calibrated 
in knots. When underway, the wind speed meas- 
ured is that of the apparent wind, which is the 
resultant force of the following components: 
(1) the true wind and (2) ship's course and speed. 
Knowing the resultant and the second component^ 



the first component (true wind speed) may be 
computed. 

312. MISCELLANEOUS INSTRUMENTS 

Binoculars and flashlights serve useful pur- 
poses in the navigation department. Binoculars, 
because of their magnification, which ranges 
from about 7-power for handheld binoculars to 
20-power for a larger ship mounted type, pro- 
vide a means of early sighting and identification 
of navigational aids. The glass lenses used in 
binoculars are normally treated for reduction 
of glare, and additional filters are often avail- 
able. Binoculars are delicate instruments and 
must be handled carefully and cleaned frequently. 
They should never be dropped nor subjected to 
sharp knocks. For cleaning, only lens paper 
should be used, otherwise the polished surface 
will be damaged and their usefulness as an 
optical aid will accordingly be reduced. 

The FLASHLIGHT is useful during morning 
and evening twilight observations to provide light 
for reading the comparing or stop watch as well 
as the limb and vernier of the sextant. A red 
plastic disc should be inserted in the illuminant 
end to insure a red light in order not to disturb 
the navigator's night vision or unnecessarily 
illuminate the ship when steaming under wartime 
dar ken-ship conditions. 



2b 



CHAPTER 4^ 

CHARTS AND PUBLICATIONS 



401. INTRODUCTION 

Charts and publications constitute a source 
of information which the navigator constantly 
uses. A chart or a map is a representation of 
an area of the earth's surface. For example, 
the early charts devised and used by the natives 
of the South Sea islands were merely diagram- 
matic , being constructed of palm leaves and sea 
shells. The sea shells represented islands and 
the palm fronds represented currents and the 
angles of intersection of ocean swells. The 
Pacific natives still use their knowledge of these 
angles of intersection as a basis for a unique 
system of navigation which they successfully 
practice. 

There is a difference between charts and 
maps. Maps» for the most part, show land areas, 
their political subdivision, and topography, A 
chart serves a navigation purpose; nautical 
charts show water or coastal areas and give a 
great deal of hydrographic information which 
is useful to the navigator. An air navigation 
chart may, like a map, portray mostly land, 
but it will provide the air navigator with ele- 
vations and locations of navigational aids. Usage 
is the basis for chart and map classification. 

A chart projection is a method of represent- 
ing a 3-dimensional object on a 2-dimensional 
surface. Cartographers (chart or map makers) 
employ various chart projection techniques to 
construct desired charts. However, it is impos- 
sible to project a 3-dimensional object upon a 
2-dimensional surface without some distortion. 
The J^est type of chart projection depends upon 
the area to be represented and how the chart 
is to be used. 

Publications are separately addressed in art. 
412. 

402. EARLY CHARTS 

Ptolemy, the Alexandrian astronomer, mathe- 
matician and geographer, who lived in the second 



century A.D., made many charts and maps, 
some of which were used until the time of 
Columbus. Ptolemy, who was unequalled in 
astronomy until Copernicus in the sixteenth 
century, had based his charts on the theory that 
the world was round, with a circumference of 
18,000 miles as computed by the Greek philoso- 
pher Posidonius, circa 130 to 51 B.C. It was 
unfortunate that Ptolemy based his cartography 
on the calculations of Posidonius, inasmuch as 
a more accurate circumference of 24,000 statute 
miles had been calculated in the third century 
B.C. by another Alexandriani Eratosthenes. In 
fact, the computation of Eratosthenes was to 
remain as the most accurate until 1669. Im- 
portant contributions of Ptolemy included the 
convention of making the top of a chart or map 
to be north in direction, and the listing of im- 
portant places by latitude and longitude. 

In the Middle Ages, using the knowledge 
acquired by seamen principally in the Mediter- 
ranean Sea, charts were constructed in Catalonia, 
known as Portolan charts. A distinguishing fea- 
ture of these charts was the depiction of direc- 
tion by thirty-two lines emanating from a point. 
These lines represented the thirty- two points 
of a compass, as was then in general usage, 
a point being the equivalent of 11 1/4 degi^ees 
(360/32). This depiction of direction was an 
antecedent of the modern compass rose. 

403. MERCATOR PROJECTIOxV 

Modern cartography is indebted to the 
Flemish astronomer, geographer, and theologian, 
Gerardus Mercator, who in the sixteenth century 
made a world chart, based upon a cylindrical 
projection. Essentially, the chart, which has 
ever since borne his name, is projected by first 
placing a cylinder around the earth, tangent 
at the equator. (See fig. 4-1.) Planes are passed 
through the meridians and projected to the 
cylinder upon which they appear as parallel 
lines. Lines are drawn from the center of the 
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Figure 4-1. — Mercator chart of the world. 



earth to the cylinder passing through the parallels; 
this locates the parallels on the cylinder. Next 
the cylinder is cut lengthwise and flattened out. 
The resulting graticule (horizontal and vertical 
lines of a chart) is representative of a Mercator 
projection, the important difference being that 
in the latter, parallels are snaoed by mathe- 
matical formulae. In fact, both meridians and 
parallels are expanded with increased latitude, 
the expansion being equal to t!iu secant of the 
latitude. Inasmuch as the secant of 90° is in- 
finity, a Mercator projection based upontangency 
with the equator, cannot include the poles. 

To envision the linear relationship be^ween 
parallels of latitude and meridians on a Mercator 
projection, it is helpful to remember that merid- 
ians are separated in distance in accordance 
with the cosine of the latitude. At the equator, 
or latitude 0°, the cosine of the latitude is 1 and 
one degree of longitude is equal in distance to 
one degree of latitude; at the equator, and only 
at the equator, the longitude scale can serve as 
a true distance scale. At latitude 60°, where the 
cosine is 0.5, one degree of longitude is equal in 
distance to one half of one degree of latitude, or 
30 nautical miles. At the poles, or latitude 90°, 
the cosine is 0, and the meridians merge. Thus, 



at any latitude, r of longitude is equal to 60 
miles multiplied by the cosine of that latitude, 
and the relationship between latitude and longitude 
is found by the solution of the trigonometric 
equation d^ o'dVcos^ in which d^o is the dif- 
ference in longitude and d ^ is the difference in 
latitude, both in arc. Also, p = d''o x cos'' in 
which p is the length of an arc of a parallel; 
d''0 = p X sec'-. Thus, considering the trigono- 
metric relationship of secants and cosines, it can 
be proved that inasmuch as the expansion of 
meridians is dependent upon the secant of the 
latitude, the separation of meridians is dependent 
upon the cosine of the latitude. 

The advantage of a Mercator projection, also 
called an orthographic cylindrical projection, is 
that it is a conformal chart, showing true angles 
and true distance, A rhumb line plots as a straight 
line on a Mercator chart. By definition, a rhumb 
line is a line which makes the same oblique angle 
with all intersected meridians. On a Mercator 
chart meridians are parallel; therefore, any 
transversal fulfills the requirements of a rhumb 
line, A disadvantage of a Mercator chart is the 
distortion at high latitudes. On the earth the 
meridians actually converge at the poles while 
on the chart they are parallel; a conformal chart 
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uiuier these conditions can be had by expansion 
of the meridians. On a Mercator chart, because 
of the higher latitude, Greenland appears larger 
than the United States, although it is actually 
much snuUler. Despite this distortion in high 
latitudes, the dete^ mining of true distance is not 
prevented. The expansion of the meridians, which 
is related trigonometrically to the latitude, makes 
areas appear larger, and changes at the same 
time the latitude (distance measuring) scale, 
thus permitting the navigator to measure true 
distance* Since the distortion varies with the 
latitude, whenever measuring distance on a Mer- 
cator chart of a large area, the navigator sets 
his dividers to the scale of the mid-latitude of the 
area in which he is making a measurement. 
See figure 4-2. 

404, PLOTTING SHEETS 

A plotting sheet i^^n incomplete chart with 
latitude and longitude lines, and generally a 



compass rose. It contains no information on 
land, water depth or navigational aids. Being less 
expensive than charts to produce, such sheets 
are used primarily for economy in plotting celes- 
tial fixes. 

A small area plotting sheet (fig. 4-3) makes 
use of the fact that on a Mercator projection of 
a small area, the difference in spacing between 
successive parallels of latitude is nearly negli- 
gible. It thus approximates a Mercator projec- 
tion by using equal spacing between the parallels 
representee. The relationship between latitude 
and longitude is found by solution of the trigono- 
metric formula — Dlo equals psecL — where Dlo 
is the difference in longitude in arc, and p 
equals the linear distance between two meridians 
measured along an arc of a parallel, Given either 
the latitude scale or the longitude scale the 
other tiuiy be computed graphiCGdly as follows: 

(a) Longitude scale specified. Any uniformly 
ruled paper may be used. Place the paper with 




190.5 

Figure 4-2, — Distance measured at mid-latitude of route on a mercator chart. 



31 



ERIC 



A NAVIGATION COMPENDIUM 




32 



ERIC 



Chapter 4~CHARTS AND PUBLICATIONS 



the lines vertical; label meridians as desiredt 
Construct a perpendicular to the meridians mid- 
way between the top and bottom of the plotting 
sheet* Label this perpendicular as a latltide line 
making it any desired mid-latitude* At the point 
of intersection of the mid-latitude line and the 
central meridian, construct an angle with the hor- 
zontal equal to the mid-latitude. The length of this 
transverse line between two meridians which are 
1 degree apart inlongitude,isSOmilesor 1 degree 
of latitude. The length of this transverse line be- 
tween two meridians which are 10* apart in longi- 
tude is 10 nautical miles or 10* of latitude. Using 
these measurements, the remaining latitude lines 
may be plotted, 

(b) Latitude scale specified. Any uniformly 
nded paper may be used. Place the paper with the 
lines horizontal and label parallels as desired. 
Construct a perpendicular to the parallels, midway 
between the right and left edges of the sheet. 
Label this meridian as the central meridian, Using 
as a radius, the distance between the mid-latitude 
line and an adjacent latitude line, measured along 
the central meridian, draw a circle with the center 
at the point of intersection of the mid-latitude line 
and the central meridian. From the center of this 
circle construct a line which makes an angle with 
the horizontal equal to the mid-latitude. At the 
point of intersection of this line and the circle, 
drop a perpendicular to the mid-latitude line. 
The distance between this perpendicular and the 
central meridian, measured along the mid-latitude 
line, represents 1 degree of longitude if the lati- 
tude lines are 1 degree apart, and 10* of longitude 
if the latitude spacing is 10*. 

A plotting sheet may also be constructed using 
"meridional parts** as given for each degree and 
minute of latitude in Table 5 of American Practi- 
cal Navigator (Bowditch), Meridional parts, ex- 
pressed in minutes of equatorial arc, provide a 
computed e^ansion of the meridian, based upon 
the secant of the latitude. Plotting sheets for large 
areas should be constructed using meridional 
parts. 

Additionally, and more in use, are position 
plotting sheets printedby the Naval Oceanographic 
Office for various latitudes. These ready-made 
plotting sheets have numbered parallels, and un- 
numbered meridians which are spaced as appro- 
priate for the latitude and thus may be numbered 
as convenient for the navigator, 

405, GNOMONIC PROJECTION 

The gnomonic projection actually predates 
Portolan and Mercator charts. It is credited 
to Thales of Miletus, Chief of the Seven Wise 



Men of ancient Greece, who founded Greek 
geometry, astronomy and philosophy^ in addi- 
tion to being a navigator and cartographer , 
circa the sixth century B.C. The value of this 
projection was little realized until the earth's 
circumference had been more accurately com-* 
puted, if even then, and its usage appears to 
have been secondary to the later Portolan and 
Mercator charts. 

The gnomonic or great circle projection is 
made by projecting the earth's features from 
its center to a plane tangent to its surface; 
the center of the plane (point of tangency) marks 
the center of the projected area. The gnomonic 
projection is advantageous in that great circles 
(the arcs of which represent the shortest dis- 
tance between two points on a spherical surface) 
plot as straight lines. Known alio asanazimuthal 
projection, all directions or azimuths from its 
center are true. The chief limitation, neverthe- 
less, is that difficulty is encountered in finding 
both direction and distance. Also, there is some 
distortion which increases with distance from 
the point of tangency. 

The gnomonic (great circle) chart (fig. 4-4) 
is normally used for planning long voyages since 
great circle courses are generally shorter than 
rhumb line courses. On a gnomonic chart, the 
navigator plots the departure point and the 
point of destination. These points are then con- 
nected with a straight line. Route points are 
marked each 5 degrees of longitude apart. The 
coordinates of these points are noted, trans- 
ferred to a Mercator churt, and connected by 
straight lines. These lines in effect, are chords 
of the great circle course. The ship, in making 
the voyage, changes to a new coarse upon reach- 
ing each route point. This is more practical 
than changing course continuously, which would 
be required if an exact great circle were to be 
followed. 

406. POLAR CHART PROJECTIONS 

Obviouslyi because of extreme distortion in 
high latitudes, the ordinary and popular Mer- 
cator projection is unsatisfactory for polar 
navigation. There are five general types of pro- 
jections which may be used. Two of these types 
are special forms of the Mercator and Gnomonic. 

The polar gnomonic is a special gnomonic 
chart projected by placing the plane tangent to 
the surface of the earth at the pole. Meridians 
are shown as straight lines radiating from the 
poles. An interesting concept is that at the north 
pole all directions are south and at the south 
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Figure 4-4.— Gnomonic chart. 



pole all directions are north. Parallels axe 
shown as concentric circles around the pole, 
spacing increasing with the distance from the 
pole. 

The azimuthal equidistant projection is simi- 
lar to the polar gnomonic except that parallels 
are uniformly spaced. The maneuvering board, 
although used primarily in solving problems 
in relative motion, is an example of an azimuthal 
equidistant projection. 

The polar stereographic (azimuthal ortho- 
morphic) projection is made by placing a plane 
tangent to the earth at the pole, and perpendicu- 
lar to the earth*s axis. The earth's features 
are projected from the opposite pole rather than 
from the center of the earth as in the case of 
the polar gnomonic projection. 

The inverse Mercator is useful and preferred 
by many navigators because it is similar to the 
ordinary Mercator with which they are already 
familiar. The inverse and the oblique Mercator 
are types of transverse Mercator projections 
which are projected by placing the cylinder 
tangent to a great circle on the earth's surface 
other than the equator, W^jn the great circle 
making the point of tangency is a meridian, 
the result is an inverse Mercator. If the point 
of tangency is not a meridian, then an oblique 
Mercator will be the result. 

A recent innovation of use particularly to air 
navigation in the arctic regions is known as the 
polar grid system. It does not allow the con- 
ventional use of the geographical pole to become 
an encumbrance. The grid system for the north 
polar region, for example, consists of an over- 
printed chart depicting a grid of parallel lines 
in lieu of meridians. The center line corresponds 



to the meridian of Greenwich, and thus passes 
through the north pole and southward into the 
Pacific The direction of this line is **grid 
north" and remains as such when technically, 
the aircraft is traveling southward from the 
pole. Inasmuch as direction never changes, polar 
navigation is greatly simplified. With this grid 
system, as shown in figure 4-5, a "Polar Path 
Gyro" is used. Built by Bendix Aviation Corpor- 
ation, and housed in a sphere the size of an 
orange, this gyro when set in a given direction 
will continue to point in that direction. Addi- 
tionally, the gyro may be used to steer an air- 
craft's automatic pilot. As a check upon position 
for additional navigational safety, celestial navi- 
gation procedures may be used. 

407. CONIC PROJECTIONS 

Ptolemy charted the Mediterranean using the 
first known conic projection. Conic type pro- 
jections in use today are the Lambert Confer mal, 
other conic, and polyconic projections. In all 
cases, one or more cones are placed on the 
earth's surface with the axis of the cone(s) 
coinciding or in aligrxment with the axis of the 
earth. The area of least distortion is near the 
apex of the cone. 

The Lambert Confer mal may be projected 
by making the cone not tangent to the earth but 
intersecting the earth through two parallels. 
Like the Mercator, however, it spaces parallels 
by computation, relating the separation of paral- 
lels to that of meridians, and thus providing 
a conformal chart. It was designed in the Eight- 
eenth century by an Alsatian, Johann Lamlxirt. 
It is used primarily in aeronautical charts. 
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Figure 4-5, — Polar grid chart. Although all four planes are flying "grid north/' the first plane is 
heading south, the second west, the third east, and the fourth north. 



Although conic charts resemble Mercators, 
direction is less accurate. To obtain best re- 
sults in measuring direction, the nearest com- 
pass rose, or the nearest meridian, should be 
used. The navigator cannot indiscriminately 
choose any compass rose, parallel, or meridian 
as a direction reference, A rhumb line on a 
Laml)ert Conformal chart is a curved line, A 
great circle on a Lambert Conformul chart ap- 
proximates a straight line. I*^or a long voyage, 
a straight line should \>e drawn on a Laml)ert 
Conformal chart, and the course noted at the 
Intersection of each meridian. For distance, 
the nearest latitude scale should be utilized. 



408. CHART SOliiiCES, IDENTIFICATION 
AND SCALE 



There are two major chart issuing activities 
for U.S. vessels, the Naval Oceanographic Office, 
and the National Ocean Survey; both are situated 
in Washington, D,C,, and conveniently have 
numerous branch offices. The Naval Oceano- 
graphic Office, by its own surveys and through 
liaison with foreign oceanographic agencies, 
prepares and publishes both nautical and aero- 
nautical charts of the high seas and foreign 
waters. The National Ocean Siirvey within the 
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Department of Commerce prepares and pub- 
lishes coastal and harbor charts of the United 
States and Its possessions. Also, aeronautical 
charts of the United States are published by 
the National Ocean Survey, which was formerly 
known as the United States Coast and Geodetic 
Survey. 

Minor sources for charts include: 

(a) The U.S, Lake Survey Office, Army Engi- 
neer District, Detroit, Michigan, for charts of 
the Great Lakes (less Georgian Bay andCanadian 
Harbors), Lake Champlaln, and the St. Lawrence 
River above St. Regis and Cornwall, Canada; 
and 

(b) The Department of the Army, Corps of 
Engineers, Army Map Service, Washington, D.C., 
for topographical maps. 

A chart is identified by number as well as 
by source. The numbers are related to geo- 
graphical location and scale. The relationship 
to geographical area simplifies filing and re- 
trieving, and permits the orderly arrangement 
of charts by portfolio. Charts are numbered with 
one to five digits as follows; 

One — Oceanographic symbol sheets and flag 
charts (nine non-navigational and non-geographic 
charts). 

Two Sl Three — Charts of the world^s deep 
oceans divided in nine areas coinciding with 
ocean basins. The first digit indicates area, for 
example, is a North Atlantic chart. The 

next one or two digits indicate scale. The scale 
range of a two digit chart is 1:9,000,000 and 
smaller; three digits indicate a scale between 
1:2,000,000 and 1:9,000,000. See fig. 4-6. 

Four— A special series of non-navigational 
charts, including wall charts, planning charts, 
magnetic, time zone and star charts. Scale is 
not involved. 

Five — These charts are most used by navi- 
gators, and range in scale from 1:2,000,000 to 
larger. They consist mainly of coastal and harlx)r 
charts. Coastal areas are divided into nine 
regions, with each region having as many as 
nine sub-regions which are numlx^red counter- 
clockwise arouiid the continents. See fig. 4-7. 
All five numlx:jrb huvc u geographic meaning. 
The first two digits indicate the general geo- 
graphic location by region and subregion. The 
final tliree numbers serve in placing the charts 



in geographic sequence. Currently, there are 
gaps in the numbering sequence in anticipation 
of the issuance of additional large-scale charts. 

This system of chart identification was estab- 
lished by the Naval Oceanographic Office on 1 
March 1971, replacing a system which had been 
Jn effect for approximately 140 years. To accom- 
modate the change in identification numbers, 
new editions of previously issued charts bear 
the new N,0, numbers in bold type and the former 
H.O. (Hydrographic Office) numbers in smaller 
and lighter type. 

Charts which show features in large size 
and with great detail are "large-scale" charts. 
"Small-scale" charts show less detail, but cover 
a greater area, as they depict more miles per 
inch. It is important to rememl)er that the 
larger the scale number, the smaller the scale. 

409. CHART PROCUREMENT 
AND CORRECTION 

Two types of chart catalogs provide informa- 
tion for chart ordering, chart coverage, and 
accounting. Each issuing activity compiles a 
chart catalog listing chart numbers and titles 
of charts which they have issued. Thus, the Naval 
Oceanographic Office publishes N.O. Pub. No. 
1-N, in the form of a series of pamphlets. 
Additionally, that office publishes a "Portfolio 
Chart List," N.O. Pub. 1-PCL, which lists the 
charts of major issuing activities and provides 
instructions for their arrangement by portfolio. 
N.O. Pub. 1-PCL provides information as well 
on chart procurement and correction. 

Charts may be ordered by Navy ships from 
Naval Oceanographic Distribution Centers. These 
are located at Philadelphia, Pa., and Clearfield. 
Utah, for support of Atlantic and Pacific Fleet 
ships respectively. DD Form 1149 is used for 
chart requisitions. Priority for delivery should 
be specified. 

Corrections to charts are pronmlgated weekly 
in Notice to Mariners. The quartermaster n^.ain- 
tains a 5 X 8 card (NHO5610/2J fur cai-h chart 
carried. This card contains the chart title, 
chart numl>er. edition nuniix,^r. edition datu. and 
the number of the last Notice to Mgnnci^^^ cor- 
rection posted prior to rccei{){. CoUiTiTms arc 
provided for ix)sting the rett/rencc nuniU«rs of 
corrections received iu wt-ckly NoIh'c to 
Mariners. The navigator retjuin-^ I'mnuHiiate 
correction of charts which c(;ver are;i>. im- ship 
is expected to visit. Charts of renioif areas 
which are not ex{x?cted to l>e ust-d t»r charts 
which will not Ix^ used until a distant luture date 
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are not corrected; posting of the correction is 
sufficient for the interim. Prior to using any 
chart, all posted corrections must be made, 
with card NHO5610/2 showing the date corrected 
and the initials of the corrector. This is an 
efficient way of making chart corrections, since 
one correction may cancel out another. Navy 
Regulations — Art . 0930, requires that every chart 
used tor navigation be corrected before use, 
through the latest information that can be ob- 
tained, which is applicable to it. Corrections, 
other than temporary, are made with ink; the use 
of red ink, which is not readable under customary 
red night lights, should be a'^^oided. Standard 
chart symbols are used in making corrections. 

410. CHART ACCURACY 

A chart is no more accui'ate than the survey 
upon which it is based. VVith this in mind the 
navigator is obligated to evaluate probable ac- 
curacy. 

Guides to probable accuracy are as follows: 

SURVEY. — Note the recency of survey, the 
number of surveys, and the siurveying agency. 
Recent surveys, because of better instrumenta- 
tion, are generally superior to those made in the 
distant past. 

COMPLETENESS OF SOUNDINGS. — Blank 
spaces or sparse soundings may indicate an 
incomplete survey. 

PRINTING. — Plate printed (black and white) 
charts have a considerable shrinkage error in 
comparison with lithographic (colored) charts. 

SCALE, —Detailed information cannot be in- 
cluded on a small-scale chart of a large area. 

411. CHART READING 

Through chart reading a navigator translates 
symbols into a picti;re. As a qualification for 
chart reading he must then recognize standard 
abbreviations and conventions. 

The lettering distinguishes topographic and 
hydrographic features. Vertical lettering is char- 
acteristic of land features which are always 
above water regardless of tide; leaning lettering 
is characteristic of hydrographic features such 
as reefs which may be above or below water 
depending upon the state of the tide. 

Soundings may be recorded in either fathoms 
or feet, but in any case the chart will indicate 



within the legend the depth unit used and the 
datum or reference pline. Fathom curves con- 
nect points of equal depth, and, regardless of 
whether soundings are in fathoms or in feet, 
the curves are based i pon soundings in fathoms. 
These are commonly t-.hown for depths of 1, 2, 
3, 6, 10, and multiples of 10 fathoms. Tide 
tables will refer to the datum plane of the chart. 
The newer chart editions may show bottom con- 
tours in great detail using color. Shoal areas 
may be emphasized by the use of different 
colors or shades. The type of lettering used 
to indicate depth is unimportant; it indicates the 
activity which reported the depth. 

Bottom types are abbreviated using either 
capital or lower case lettering. A capital letter 
indicates composition: a lower case letteri color 
or texture. 

Commonly used nautical chart symbols and 
abbreviations appear in Appendix A. 

412. PUBLICATIONS 

Publications used by the navigator may be 
classified as manuals, navigation tables, al- 
manacs, and chart supplementary publications. 
These publications are usually obtained from the 
Naval Oceanographic Office, or Naval Oceano- 
graphic Distribution Centers, in the same manner 
as charts, certain manuals and almanacs, ex- 
cepted. On board ship they are stowed on the 
navigator's publication shelf (generally located 
above, and in easy reach of, the navigator's chart 
desk). Corrections to oceanographic publications 
are promulgated by the Naval Oceanographic 
Office weekly; annual supplements are origin- 
ated by the Naval Oceanographic Office which 
summarize the weekly corrections. 

a. Some useful manuals used in navigation 
include: 

H.0.-9 American Practical Navigator . 
Nathaniel Bowditch, near the end of the eighteenth 
century, discovered numerous errors in the 
principal navigation text then in use, which was 
titled, Practical Navigator , a British publication 
written by John Hamilton Moore. BowUitch then 
published a corrected version with additional 
information. In 1802 he completely revised his 
earlier work, included a new method for the 
determination of longitude, and published in 
simplified form his new American Practical 
Navigator , Through updating, it has remained 
as a most valuable text and reference . The 
navigational tables which it contains are par- 
ticularly useful. Tho copyri'Tht was purchased 
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in 1868 by the Hydrographic Office, the fore- 
runner of the Oceanographic Office, which has 
published subsequent revised editions. 

Dutton's Navigation and Pilotine. Since 1926, 
when first prepared as a text for midshipmen at 
the U.S. Naval Academy by Commander Benjamin 
Dutton under the title Navigation and Nautical 
Astronomy, this through revision has remained 
as the basic navigation textbook for the U.S. 
Navy. Published by the U.S. Naval Institute, 
Annapolis, Maryland, it was significantly up- 
dated in its twelfth edition (1969). 

Primer of Navigation. Written by Colonel 
George W. Mixter and initially published in 1940, 
this is an excellent navigation textbook. It is 
basic and non-technical, and thus useful to the 
beginner. Nonetheless, it is sufficiently thorough 
for the practicing navigator. Published by D. 
Van Nostrand Company, Inc. of Princeton, New 
Jersey, it has been periodically upciated, its 
most recent revision (fifth edition) being pub- 
lished in 1967. 

Air Navigation . (Department of the Air Force, 
AF Manual 51-40, Volume I). This manual, for 
use in air navgation, is basic and precise, and 
provides vital material for both students and 
air navigators. It is published by the Air Train- 
ing Command, U.S. Air Force, and is sold by 
the Superintendent of Documents, U.S. Govern- 
ment Printing Office, Washington, D.C. 

Space Navigation Handbook. (Department of 
the Navy, NavPers 92988). Published by the 
Chief of Naval Personnel, and based primarily 
upon the research, teaching, and inventive genius 
of Captain P. V. H. Weems, USN (Ret.), this 
text provides in brief form a simplified concept 
for the more difficult three-dimensional navi- 
gation in space, together with supporting back- 
ground information. 

b. Navigation tables which provide azimuths 
of the sun and other bodies, and solutions of 
the astronomical triangle for the determination 
of position without resort to difficult formulae, 
are as follow: 

(1) Azimuth tables — 

HO-66 Arctic Azimuth Tables . These tables 
provide values for azimuth angles of bodies with 
a declination of 0" to 23°, with declination of 
the same name as latitude, for latitudes of 70° 
to 88". No longer in print. 

HO-260 Azimuth Tables. These tables com- 
plement HO-66 for latitudes of 0° to 70°, and 
replace HO-71 which was referred to as the 
"red azimuth tables" r.nd which is no longer 
in print. 



HO-261 The Azimuths of Celestial tiodies. 
This volume is similar to HO-260 except that 
it provides azimuths for bodies with declination 
of 24' to 70°. It replaced HO-120 which is no 
longer in print. 

(2) Tables for computation of position — 

HO-208 Navigation Tables for Mariners and 
Aviators. (Dreisonstok). 

HO-211 Dead Reckoning Al titude and Azimuth 
Tables. (Agetonl 

HO-214 Tables of Computed Altitude and 
Azimuth. This set, developed by the Hydrographic 
Office, consists of nine volumes, one for each 
ten degrees of latitude, and has wide usa<?i, 
for both the computation of lines of position and 
azimuth. 

HO-218 Astronomical Navigation Tables . Con- 
sisting of 14 volumes, one for each five degrees 
of latitude from C° to 69°, and with solutions for 
22 stars, these t. hies are similar to HO-214, 
but are less accurait inasmuch as they are de- 
signed primarily for use in air navigation. 

HO-229 Sight Reduction Tables for Marine 
Navigation. Prepared through a cooperative effort 
internationally between the U.S. Naval Oceano- 
graphic Office, the U.S. Naval Observatory, and 
Her Majesty's Nautical Almanac Office, and 
consisting of six volumes, one for each 15° of 
latitude, this set will eventually replace HO-214. 

HO-249 Sight Reduction Tables for Air Navi- 
gation. Prepared cooperatively as in the case 
of HO-229 but earlier, through a combined 
British and American effort, and consisting of 
three volun;Bs, HO-249 is the air counterpart 
of HO-229. Volume I provides solutions for 
selected stars. Volume II provides complete 
data for latitudes 0" to 39", and Volume HI pro- 
vides complete data for latitudes 40' to 89°. 

c. Almanacs have a relatively short but in- 
teresting background. Astronomical observations 
of the Danish astronomer Tycho Brahe in the 
late sixteenth century were the basis of Kepler's 
laws of motion which in turn became the founda- 
tion of modern astronomy and celestial naviga- 
tion. The first almanac for mariners was the 
British Nautical Almanac which appeared in 1767. 
America entered the field in 1852 when the I'.S. 
Navy Depot of Charts and Instruments, which 
preceded the Hydrographic Office, published the 
American Ephemcris and .Nautical Almaiiac for 
the year 1855. Since 185b, an American .Nautical 
Almanac has tjeen published annually; it is 
siiiuiar to the American Kphi mcris and Nautical 
Almanac except that it omits the Kphcnicris 
which is of primary iiitcrc.-t. to astrononu'rs. 
Thus, the Nautical Almanac is the principal 
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almanac for the use of mariners today, although 
the Air Almanac, which was of more recent 
origin and which was prepared largely for use 
in air navigation, is also in general use. Al- 
manacs should be requested either from the 
Superintendent, Naval Observatory, Washington, 
D.C, or in the case of commerical activities 
from the Superintendent of Documents. 

The Nautical Almanac is now prepared jointly 
by the U.S. Naval Observatory in Washington, 
D.C. and H.M. Nautical Almanac Office, Royal 
Greenwich Observatory, to meet the require- 
ments of the U.S. Navy and the British Admiralty. 
Printed separately and annually in the two 
countries, this almanac provides all necessary 
astronomical data for the practice of celestial 
navigation at sea. 

The Air Almanac first appeared as an Ameri- 
can publication in 1933, It is issued thrice yearly, 
each edition being prepared for a four-month 
period. The U.S. Naval Observatory and H.M. 
Royal Greenwich Observatory cooperate in its 
publication. While useful for both marine and air 
navigation, it is primarily used for the latter. 

d. Chart supplementary publications are 
books used in conjunction with charts and in- 
clude the following: 

Coast Pil ots — Edited by the National Ocean 
Survey, a Coast Pilot provides navigational and 
general interest information for the coasts of 
the United States and its possessions. 

Sailing Directions — Edited by the Oceano- 
graphic Office, Sailing Directions provide navi- 
gational and general interest information for 
definite geographic areas beyond the coasts 
of the United States and U.S. possessions. 

Tide, Tidal Current Tables, and Tidal Cur- 
rent Charts — Prepared by the National Ocean 
Surv^ey, Tide, Tidal Current Tables and Tidal 
Current Charts, as discussed in the following 
chapter, provide predictions of tidal effect. 

Light Lists — The Light List provides de- 
scriptive information concerning lights of the 
coasts of the United States and U.S. possessions 
in five lists which are printed by the U.S. 
Government Printing Office. The Oceanographic 
Office prepares for foreign waters a List of 
Lights in seven volumes. 



Notice to Mariners — A weekly pamphlet from 
the Naval Oceanographic Office. Two copies are 
mailed to each addressee on the N,0, mailing 
list unless more are requested. One copy is 
used for chart correction and permanent file 
while the second copy is used for correcting 
Coast-Pilots , Sailing Directions , and Light Lists, 
being cut up as necessary (corrections may be 
"pen and ink'* or ''cut-out"). 

Daily Memoranda — Single sheets containing 
hydrographic information promulgated if urgent 
by radio from the Naval Oceanographic Office 
and later superseded by Notice to Mariners. 

Monthly Information Bulletin, — This monthly 
bulletin from the Naval Oceanographic Office 
serves the purpose of updating index catalogs 
and the Portfolio Chart List, 

e. Other: 

H0*-117— Radio Navieational Aids , in two 
volumes, HO-117A and H0-117B by geographic 
location, contains information such as the time 
and frequency of hydrographic broadcasts. Naval 
Observatory radio time signals, distress traffic, 
radio beacons and direction-finder stations, loran 
coverage and stations, and radio regulations for 
territorial waters. 

HO-118 — Radio Weather Aids, also in two 
volumes, HO-118A and H0-118B by geographic 
location, contains information concerning the 
making of weather reports, codes, report con- 
tents, and frequencies, and informs the navigator 
of available weather broadcasts. 

HO-150— World Port Index is a useful guide 
containing detailed information concerning spe- 
cific ports and provides a cross reference of 
charts and publications applicable to a given 
port. 

HO-151 — Table of Distances Between Ports — 
Useful in voyage planning, HO-151 lists dis- 
tances between ports. 

HO-220 — Navigation Dictionary — A useful 
reference for learning the meaning of various 
navigation terms and expressions, 

HO-226 — Handbook of Magnetic Compass Ad- 
justment and Compensation (Spencer andKucera), 
This useful manual was described in art. 211^ 

HO-2102D~ Star Finder and Identifier. This 
device, which is most useful in celestial navi- 
gation, is described in chapter 13. 
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501. INTRODUCTION 



Johannes Kepler (1571-1630), a German who 
succeeded » and was familiar with the work of, 
the Danish Astronomer 3rahe, developed three 
laws of motion which in turn led to the develop- 
ment of the almanac. In turn, Kepler's laws 
(Appendix B) led to the development of three 
laws of gravity and motion by the English 
mathematician and philosopher Sir Isaac Newton 
(1642-1727). From Kepler's laws and his own, 
Newton developed his famous universal law of 
gravitation (Appendix B) which states that * 'every 
particle of matter attracts every other particle 
with a force that varies directly as the product 
of their masses and inversely as the square of 
the distance between them* 

Thus, gravitation, the force of attraction be- 
tween bodies in the universe, depends upon the 
mass of the bodies concerned and their distance 
of separation* The moon, a satellite of the earth, 
is near enough and large enough to exert a 
sizable pulL The sun also exerts a force, which 
is inferior to that force exerted by the moon, 
because of the comparative distances. This grav- 
itational force of attraction acts upon every 
particle within the earth; since different points 
on the earth are at varying distances from the 
moon, the force of attraction consists of com- 
ponents of varying values, depending upon dis- 
tance. The point on the surface of the earth 
which lies on a line connecting the centers of 
the e£u:*th and the moon is acted upon with great 
relative force because of the comparatively short 
distance involved. This brings the water (the 
earth may be considered as a hard core sur- 
rounded by water) toward the moon, making the 
depth greater. Also the center of the earth is 
acted upon by a greater force than is a point 
on the side of the earth opposite the moon. For 
that reason, the center of the core tends to pull 
toward the moon making the depth of the water 
on the opposite side of the earth greater. The 



end result is that as the moon transits a merid* 
ian, depth increases on both the upper branch 
and the lower branch of that meridian. 

502. TIDE 

Tide is the vertical rise and fall of the ocean 
level resulting from gravitational force. The 
following terms are associated with tide: 

HIGH TIDE.— Highest water level normally 
reached during a cycle. 

LOW TIDE* — Lowest water level normally 
reached during a cycle. 

STAND. —A period within the cycle during 
which the water level appears not to change. 

RANGE. — The difference between the height 
of high water (high tide) and the height of low 
water (low tide). Heights are reckoned from a 
reference plane. 

DATUM PLANE.— A reference plane estab- 
lished which may or may not be sea level but in 
all cases may be converted to mean sea level. 

MEAN LOW WATER.— A datum plane based 
upon the average of all low tides. 

MEAN LOWER LOW WATER. — A datum plane 
based upon the average of the lower of two low 
tides which occur during a lunar day (a lunar 
day is a time measurement based upon one 
apparent revolution of the moon about the earth). 

MEAN LOW WATER SPRINGS.— A datum 
plane based upon the average of extreme low 
tides called spring tides. 

In some foreign countries, the datum plane 
may not correspond to those listed above. How- 
ever, the tide tables are based upon the datum 
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plane of the most detailed local chart. The datum 
plane is an arbitrary value, It must be under- 
stood that ACTUAL DEPTH OF WATER EQUALS 
CHARTED DEPTH PLUS HEIGHT OF TIDE. If 
the height of tide is a negative value, then the 
actual depth is less than the charted depth. 

TIDAL CYCLE. -Since a high tide occurs at 
two longitudes simultaneously, in one lunar day 
(24 hours. 50 minutes) two high tides and two 
low tides occur. One high tide and one low tide 
constitute a tidal cycle which, in time is one 
half a lunar day or 12 hours and 25 minutes. 
The time difference between one high tide and 
one low tide is approximately 6 hours and 12 1/2 
minutes (half a tidal cycle). 

PRIMING,— When the gravitational effect of 
the sun leads the moon's effect, causing the time 
of high tide to be earlier than normal, we call 
the phenomenon "priming of the tide." 

LAGGING. —When the gravitational effect of 
the sun trails the moon's effect, causing the time 
of high tide to be retarded, we speak of the 
phenomenon as the "lagging of the tide." 

SPRING TIDE.— When the sun and moon are 
acting In conjunction, which occurs when we 
have either a new or a full moon, high tides are 
higher than usual and low tides are lower than 
usual. These extremes are called spring tides, 

NEAP TIDE.— When the sun and moon are 
acting in opposition, tidal range is at a minimum 
and the tide is called neap tide, 

503, TIDE TABLES 

Tables are prepared annually for various 
areas by the National Ocean Survey of the De- 
partment of Commerce, which contain predic- 
tions ot the state of the tide. Each volume 
consists of the following tables: 

TABLE 1. — A list of reference stations for 
which the tide has been predicted. The time and 
heights of high and low tides are tabulated for 
each day in the year for each of these refer- 
ence stations. Also, the position of the datum 
plane with refero >ce to mean sea level is given 
for each reference station. 

TABLE 2. — A list of sulK)rdinate stations 
for which the tidal differences have l^een pre- 
dicted with resi)ect to a reference station having 
nearly the same tidal cycle. Above groups of 
subordinate stations, the reference station for 
that group is listed. After the name of each 
subordinate station the latitude and longitude to 



the nearest minute is given together with tidal 
difference, Tidal difference consists of a time 
correction (in hours and minutes) and a height 
correction (in feet), both preceded by either a 
plus or minus sign. There is generally a height 
correction for both high and low water. If the 
correction is omitted for low water height, it 
may be assumed that the height of low water at 
the subordinate station is the same as the height 
at the reference station. If for some reasoHi 
height differences at a given station would give 
an unsatisfactory prediction, height difference 
is omitted and ratios for high and/or low water 
are given, identified by asterisk. To find the 
heights of high and low water using ratios, 
multiply the heights at the reference station by 
their respective ratios. If a ratio is accompanied 
by a correction, multiply the heights of high and 
low water at the reference station by the ratio, 
then apply the correction. Table 2 also provides 
the mean range (difference in height between 
mean high water and mean low water), the spring 
range (average semidiurnal range occurring 
semi-monthly as a result of a new or full moon), 
and the mean tide level (a plane nidway between 
mean low water and mean high water) with respect 
to chart datum. 

TABLE 3. — Table 3 is a convenient means of 
interpolation which allows for the character- 
istics of the tidal cycle. While tables 1 and 2 
provide time and heights of high and low tides, 
the state of the tide may be desired for a given 
time in between. The arguments for entering 
table 3 are duration of rise or fall of tide, time 
between that desired and the nearest tide, and 
range. From table 3 we obtain a correction. If 
the nearest tide is high tide, the correction is 
subtracted from the height of the high tide; if 
the nearest tide is low tide, the correction is 
added to the height of ljv> ♦•ide. This provides the 
height of the tide at the desired time. 

The height of the tide alone does not fully 
describe the state of the tide; it is desirable to 
know whether the tide is rising or falling. If the 
desired time is preceded by a high tide and is 
succeeded by a low tide, the tide is falling. If 
the desired time is preceded by a low tide and 
is succeeded by a high tide, the tide is rising. 

The tide tables as published include three 
additional tables for the convenience of the 
mariner. Table 4 provides the local mean time 
of sunrise and sunset. Table 5 provides cor- 
rections for conversion of local mean time to 
standard time. Table 6 provides the time of 
moonrise and moonset as computed for key 
reference stations, 
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EXAMPLE 1 (Data ttotix Appendix C): 

What if the state of the tide at Mayport» Florida on 7 August 1970 at 1320? 
Reference Station High Tide Height Low Tide Height 

Mayport, Fla. 1124 4.3 1718 0.6 

Duration of fall: 1718 - 1124 * 5 hrs.. 54 min. 

Time between desired time and nearest tide (high): 1320- 1124 "1 hr., 56 min. 

Range of tide: 4.3 - 0.6 ^ 3.7 ft. 

Correction (Table 3): 0.9 ft. 

State; 4.3 - 0.9 = 3.4 ft. The tide is falling. 



Data was taken from the tables for the de- (1 hr., 56 min.), and (3) range of tide (3.7 ft.), 

sired data, noting times and heights of the two The correction (0.9) thus obtained was applied 

nearest tides. Table 3 was entered using the to the height of the nearest tide (4.3 ft.). During 

arguments (1) duration of fall (5 hrs., 54 min.), the period 1124 to 1718 the tide changes from 

(2) time interval between high and desired time high to low and therefore must be falling. 



EXAMPLE 2 .'Jata from Appendix C)i 

What is the state of the tide at St. Augustine, Florida on 4 July 1970 at 0600? 



Reference Station 
Mayport, Fla. 
Corrections 




H eight 

-0.3 
3.4 



Low Tide Height 



0236 
1-43 
0319 




St. Augustine, Fla. 
Duration of rise: 0902 - 0319 = 5 hrs., 43 min. 

Time between desired time and nearest tide (low): 0600-0319 = 2 hrs., 41 min. 
Range of tide: 3.4 - 0.0 = 3.4 ft. 
Correction (Table 3): 1.6 ft. 



State; O.Of 1.6 = 1.6 ft. The tide i a ^ising 



The appropriate reference station was found 
above the subordinate station in bold print, in 
Table 2. Subordinate station corrections applied 
to reference station values were also found in 
Table 2. 

504. OCEAN CUIiRENTS 

A current is the horizontal flow or movement 
of water. There are tv/o general types, ocean 
currents and tidal currents. The ocean currents 
result from the effects of the wind above the sea, 
and effects of temperature and salinity differ- 
ences within the sea. The following ocean cur- 
rents are most noteworthy; 



Atlantic North. . . .Westward from Cape Verde 
Equatorial Islands and clockwise In 

North Atlantic 
Atlantic South . . . .Westward from the African 
Equatorial coast and counterclockwise 

in South Atlantic 

Atlantic Between the two currents 

Equatorial described afx)ve and east- 

Counter ward from South America to 

Africa 

Gulf Stream Thi'ough Straits of Florida, 

extending northeast 

Greenland Southward aloag east coast 

of Greenland, thence north- 
westward and counterclock- 
wise in Baffin Bay 
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LabrAdor Formed from the Greenland 

Current and flowing south- 
ward from Davie Straits a- 
long the Labrador coast* 

Brazil « • tSouthwestward and counter- 
clockwise in the SouthAtlan- 
tic as a branchof the Atlantic 
Equatorial Currenti along 
South American coast 

Pacific North , . . .Westward in North Pacific 
Equatorial 

Pacific South • • • .Westward and counter clock- 



Equatorial wise in South Pacific 

Pacific Between the two currents 

Equatorial described above and east- 

Counter ward in Pacific 



Japan Stream . , . •Northeastward off shore of 

Japan; partially a branch of 
the Pacific North Equatorial 
Current 

Oyashiwo Southeastward between Alas- 
ka and Siberiai along the 
Siberian coast 

California Southeastward off Califor- 

nian shore 

tralia • • • • • .Southward between Australia 
and New Zealand; a branch 
of the Pacific South Equa- 
torial Current 

Peruvian • • • • • .Northward along west coast 

of South America 

Indian South Counterclockwise in Indian 

EquatoriaJl Ocean 

Agulhas •••••• .Southward between Africa 

and Madagascar 

505* TIDAL CtKHENTS 

Tidal currents result from tidal changes; in 
order for the tide to rise and fall there must 
be some hoiizontal movement of water between 
the ocean and the coastal estuaries. During the 
rise in tide^ while the current is standing toward 
the shore^ we refer to the current as ' 'flooding,' • 
When the current is standing away from the shore^ 
it is ''ebbing," W^hen there is no detectable 



horizontal movement of water^ we speak of the 
condition as "slack'* or "slack water." The 
strength of the current at any time depends 
upon both the tidal cycle and the configuration 
of land. When high tide occurs in a bay having a 
small mouthp a great amount wf water must flow 
through the mouthy and therefore a strong cur- 
rent may be expected. This current will at 
least be strong in comparison with a current 
entering a bay having a wide mouth or entrance. 

506. TIDAL CUHKENT TABLES 

Like tide tables, tidal current tables are pre- 
pared annually for vai'ious areas by the National 
Ocean Survey of the Department of Commerce, 
to provide predictions of the state of the current. 
Each volume consists of the following tables: 

TABLE 1.— A list of reference stations in 
geogi'aphical sequence, for which the current has 
been predicted, For each reference station the 
times of slack water, maximum current and the 
velocities of maximum current are tabulated for 
each day of the year. Also, table 1 tabulates 
flood and ebb direction. 

TABLE 2.— A list of subordinate stations for 
which the difference between local current and 
current at a reference station has been predicted. 
Above groups of subordinate stations, the appro- 
priate reference station is listed. After the name 
of each subordinate station, the latitude and 
longitude to the nearest minute is given. Following 
the geographical coordinates, the time difference 
and velocity ratio are tabulated. To find the time 
of a current at the subordinate station, apply the 
time correction according to sign, to a time of 
current at the reference station. To find the 
velocity of the current at any subordinate station, 
multiply the velocity at the reference station 
by the velocity ratio at the subordinate station. 
Among many current characteristics tabulated 
are the average velocity of flood and ebb cur rents. 

TABLE 3. — Table 3 provides a moans of inter- 
polation for the state of the current at any time 
between tabulated times. It is divided into two 
parts, table 3A and table 3B. Table 3A is used 
for tidal currents while table 3B is used for 
hydraulic currents such as the man-caused cur- 
rents found in the Cape Cod Canal and other 
listed reference stations or referred subordinate 
stations. The arguments for entering table 3 are 
the interval between slack and maxim'om current 
and the interval Jjetween slack and desired time. 
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Table 3 provides a factor which must be multi- 
plied by the velocity at either the reference or 
the subordinate station, depending upon which is 
under consideration. 

The state of the current is the velocity in 
knots, whether it is ebbing or flooding, and the 
direction toward which it flows « 

The tidal current tables include two additional 
tabulations which are sometimes useful in the 
prediction of tidal current. Table 4 predicts the 
duration of slack water, the period in minutes 
when the velocity varies from zero to 0.5 kts,, 
in 0.1 kt. increments. It is divided, like Table 3, 
into two parts, Tables 4A and 4B, The former 
applies to normal tidal currents while the latter 



applies to currents, such as those In the Cape 
Cod Canal, and at other listed reference stations 
or referred subordinate stations. Table 5 pro- 
vides data on rotary tidal currents such as are 
found at Nantucket Shoals. 

The tidal current tables also contain current 
diagrams for certain harbors. These diagrams 
provide a graphic table showing the velocities of 
flood and ebb and times of slack and its strength 
over a considerable length of channel in a tidal 
waterway. Additionally, the tidal current tables 
contain data for estimating the currents which 
are wind-driven and the combined effect of tidal 
and wind currents. Certain ocean currents, such 
as the Gulf Stream (in the Tidal Current Tables , 
Atlantic Coast of North America), are described. 



EXAMPLE 1 (Data from Appendix D); 

What is the state of the current at St. Johns River Entrance, Florida on 
2 March 1970 at 1400? 

Ma^mum Velocity 
Reference Station Slack Current (flood/ebb) Direction 

St. Johns River Entrance, Fla. I3l2 1506 1.2 f. 275(f) 

Interval between slack and maximum current: 1506 - 1312 = 1 hr,, 54 min. 
Interval between slack and desired time: 1400 - I3l2 = 48 min. 
Factor (Table 3): 0.5 
Velocity: 1.2 x 0^5 = 0.6 kts, 

Direction: The current is flooding. Direction is 275. 



In choosing current times, as in the tide 
tables, choose the two times which form the 
nearest bracket to the desired time. In some 
problems, particularly where the subordinate 
station time correction is larg^?, the given time 
is seen to be bracketed by the selected reference 
station quantities, but when the time correction 
is applied the given time is not bracketed at the 
subordinate station. The bracketing times in tide 
and current subordinate station problems must 



bracket the desired time at the subordinate 
station; after the time correction has l)een 
applied, one time m\ist immediately precede 
the desired time, anc' the other m\ist im- 
mediately follow it. An easy way to take into 
account the correction is to add minus cor- 
rections to the desired time, then choose brackets 
at reference station, and conversely subtract plus 
corrections from the desired time Jxifore select- 
ing brackets. 
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EXAMPLE 2 (Data from Appendix D): 

What is the state of the current at Jacksonville, Florida, off Washington 
Street, on 12 April 1970 at 0720? 



Reference Station 





Maximum 


Velocity 


Slack 


Current 


(flood/ebb) Direction 


0300 


0548 


1.7 e. 


+220 


+ 250 


0.7(Veloc- 060(e) 






ity ratio) 


0520 


0838 


1.2 060(e) 



St. Johns River Entrance, Fla. 

Corrections 

Jacksonville, Fla,, 
off Washington St, 

Interval between slack and maximum current; 0838 - 0520 = 3 hrs., 18 min. 
Interval between slack and desired time; 0720 - 0520 = 2 hrs. 
Factor (Table 3): 0.8 
Velocity: 1.2 x 0.8 = 1.0 kt. 

Direction: The current is ebbing. Direction is 0^0. 



Tidal current charts are now available for 
certain major ports or seaways, to be used in 
conjunction with the Tidal Current Tables. These 
charts, prepared by the National Ocean Survey, 
show hourly directions and velocity of tidal 
currents. To select which chart to use from a 
booklet for a given port, determine from the 
tidal current tables the time difference between 
the desired time and the nearest preceding 
slack water; the chart that agrees most neariy 
with this time computation should be used. 

507. CONSIDERATION OF TIDE 
AND CURRENT 

The navigator must fully consider the state 
of the tide together with charted depth to insure 
that water is kept under the ship^s keel. Tidal 
ranges may be such as to cause some basins 
to dry at low tide even though sufficient water 
is present for safe navigation at high tide« 
Occasionally the tidal range permits crossing 
of bars which would not otherwise be navigable. 

Knowledge of ocean currents may be used 
to advantage, either to speed a voyage or to 
conserve fuel. When standing northeastward 
through the Straits of Florida, by following 



closely the axis of the Gulf Stream, the ship's 
speed may be increased without any increase 
in engine or shaft RPM. When rounding Florida 
enroute to the Gulf, the mean axis of the stream 
should be avoided in order not to slow the speed 
of advance; actually, a lesser counter cur rent 
to the Gulf Stream may be experienced in close 
proximity to the Florida Keys, which will be 
of assistance. 

Tidal currents affect a ship considerably 
v/hen docking, undocking, and whenever under- 
v^ay in pilot waters. A current may be so strong 
as to prevent a partially disabled ship from 
making any headway. 

The navigator may use both ocean currents 
and tidal currents to his advantage, and should 
always be fully conscious of the state of the 
current and of any expected changes, anticipating 
how the expected changes, in the state of the 
current will affect the maneuverability of his 
ship. As for reliance upon tidal current data, 
the navigator must expect conditions occasionally 
other than thos'3 predicted. Storm conditions, 
man-made currents from lock sluice gates or 
spillways, and currents developed in dredging 
operations, among others, tend to reduce the 
accuracy of tidal current data available to the 
navigator. 



47 



ERIC 



CHAPTER 6 

DEAD RECKONING 



601, INTKODUCTION 

Dead reckon': .' ■ i-- pr!'\ i.>i:.-.lv \j<:vu iJ(»fi.'it d 

oi a IS ciiir 'j-KL the dirertU){i ;u' : 

the rate of pro^rL^s through the water frop.i 
the last well determined position. The direction 
and the rate of progress cannot always lye meas- 
ured exactly, and dead reckoning as a method 
may leave much to be desired. However, when 
either celestial navigation or piloting is used 
as a primary means of navigation, dead reckon- 
ing provides a check and serves the worthwhile 
purpose of indicating errors. When other means 
of navigation fail, the navigator must rely upon 
dead reckoning alone. Since the automatic dead 
reckoning equipment is subject to mechanical 
or electrical failure, the navigator with drafting 
instruments, and up to date information con- 
cerning the ship's movements, manually con- 
structs the dead reckoned plot, 

602, THE PLOT 

Dead reckoning, as presently accomplished, 
is a graphic means of navigation. Decades ago, 
it was accomplished by computation using trig- 
onometric formulae. A dead reckoning plot (fig. 
6-1) originates with a well determined position 
(a fix or running fix as descrilx^d iv the follow- 
ing chapter). From the fix, a course line repre- 
senting the ship's course is drawn, using the 
compass rose as a reference. The course line 
is actually a locus of successive OH positioiih. 
Predicted positions, called DR positions, ai*- 
marked at intervals along the course line. These 
positions are determined by the speed of the 
ship, the time interval, and the scLile of the 
chart, Kor example a ship making a speed ot 
10 knots would travel 2 1/2 nautieal miles in 
15 minute-.. On a IH< course line, using the 
chart scale, a navigator would set his divider 
points 2 1/2 nautieal miles apart in order to 
measure from the l^ist well determined position. 



along the course line, to the predicted position 
15 minutes in the future. The DU plot is first 
:i prediction of the ship's travel and later a 
uiiiphic history of the route the ship attempted 

» follow. The course line may Ixj referred 

o as a DH track or trackline. 

When using time and speed to compute dis- 
tajice in dead reckoning, it is often advantageous 
to use the three-minute rule. Easily proven, 
the rule merely notes that the distance traveled 
in yards in three minutes is 100 times the 
speed in knots. Thus, if a ship is making a 
speed of twenty knots, it will travel 2000 yards, 
or one nautical mile, in three minutes. 

A well determined position is labeled with 
the time indicated in 4 digits followed by the 
word ''Fix;" for*example "0800 Fix,'' Above 
a course line, the letter ''C is placed, followed 
by the ship's true course in 3 digits, indicating 
the direction of travel; for example, ''C090.'' 
Below the course line, the letter **-3'' followed 
by the ship's speed in knots indicates the rate 
of progress and determines the s|X3ed of genera- 
tion of the trackline; for example, **S12.'* A 
dead reckoned position is labeled with the time 
followed by the letters "DR"; for example, 
'*0900 DK." SymlK)ls as well as labels can l^e 
used to distinguish a fix from a dead reckoned 
position. While both are normally indicated as 
a circle around a point, and are distinguished 
by the letters "fix" or "DH," some navigators 
follow a former practice of indicating a fix 
with a circle and a DH with an arc connecting 
the course lines, an approximate semi-circle. 

DH [)ositions are usually plotted iur each 
hour. In m-shore navigation the DH should Ije 
plotted more frequently, i>erhaps as often as 
every 3 minutes, but always depending upon 
circumstances and proximity to danger. At sea 
on a steady course using a small scale chart, 
one DH position plotted each 4 hcurs is con- 
sidered satisfactory. 
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Figure 6-1.— Dead reckoning plot. 



By the dead reckoning plot, the estimated 
time of arrival (ETA) at a destination is com- 
puted in advance. Similarly, the estimated time 
of departure (ETD) from a given point may be 
calculated unless the point marks the origin 
of the voyage in which case it is determined 
by operational planning. 

603. CURRENT 

We have previously thought of current as 
the horizontal movement of water; at this point 
we must define it for our future convenience, 
as the total effect of all forces causing a dis- 
crepancy between predicted and actual positions. 
Current when so broadly defined includes t>^e 
horizontal movement of water, wind effect, 
steering errors, variations in engine speeds, 
and any momentary deviation from the basic 
course made by the conning officer. 

Current can be described in terms of two 
qualities called set and drift. SET is the direc- 
tion a current acts; DRIFT is the velocity in 
knots of a current. 

To derive set and drift (fig. 6-2) , a fix is com- 
pared with the DR position for the same time 
by connecting the DR and the fix with a broken 



line, terminated by an arrowhead at the fix. This 
line or vector represents current. The direction 
of the line (arrow) is the set. The length of the 
line in nautical miles divided by the hours the 
current has acted (time interval between last 
two fixes) is the drift. 

The navigator consults cui^rent tables, the 
Coast Pilot or Sailing Directions as appropriate, 
and pilot charts and draws from his own ex- 
perience to decide what caused an apparent cui^- 
rent. If he decides that the apparent current 
represents an actual movement of water which 
can l>e expected to continue for some time, he 
may use the determined set and drift of the 
current to either compute the course and s{X3ed 
essential to making good a desired track or to 
predict the resultant track for any given course 
and six?ed. Tht? accuracy of such computations 
deix?nds upon the accuracy of the prediction of 
the set and drift and whether or not any change 
in the value of the current occurs. 

To predict the track using (^) course and 
speed of the ship and (2) set and drift of the 
current, represent these basic values by vectors. 
The direction and length of the ship's vector are 
based resjxictively upon the ship's course and 
sjx^ed; the direction and length of the current 
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Figure 6-2. — The current effect. 



vector is based upon the current's set and drift. 
Draw the ship vector for an hour's effect. From 
the end of the ship's vector, draw the current 
vector for an hour's effect. The resultant, that 
is the line connecting the origin of the plot and 
the terminating end of the current vector, repre- 
sents the probable track; by inspection of the 
direction and length of this resultant vector 
the navigator predicts course and speed made 
good. The vectors may be drawn in length to 
represent either an hour or a multiple of an 



hour. When the navigator prefers the latter 
representation, and accordingly draws his vec- 
tors, then the length of the resultant track is a 
corresponding multiple of the speed made good. 

When it is desired to make good a predeter- 
mined track, the first step is to construct the 
resultant which represents the desired track. 
From the termination of the desired track (point 
of destination), the current vector is drawn as 
the reciprocal of the set, with the length equal 
to the drift multipled by the time enroute in 
hour':. By completing the triangle the ship's 
vector is determined; to compute the ship's 
course and speed respectively, determine the 
direction of the vector, and its length divided 
by the duration of the voyage in hours. This plot 
is of great practical use. 

It is no more a safe practice to assume that 
a current will adhere to a predicted value than 
it is to assume that no current exists. The 
cautious navigator will construct on his chart 
both the DR track based upon course and speed 
and the predicted track taking current into ac- 
count. He carefully checks all features between 
the two tracks, to detect dangers should the 
current be reduced. He checks features adjacent 
to and beyond each track to detect dangers 
should the effect of current either exceed or 
undergo a reversal in its predicted value. The 
navigator should assume that the most imfavor- 
able condition of current exists and take appro- 
priate action to insure the safety of his vessel. 
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701. LNTRODUCTION 

Piloting has been previously defined as a 
method of directing the move*nents of a vessel 
by reference to landmarks, other navigational 
aids, and soundings. It is generally used as a 
primary means of navigation when entering or 
leaving port and in coastal navigation. It may be 
used at sea when the bottoni contour makes the 
establishment of a fix by means of sounding 
possible. In piloting, the navigator (a) obtains 
warnings of danger, (b) fixes the position fre- 
quently and accurately, and (c) determines the 
appropriate navigational action. 

702. LINES OF PaSITlON 

Piloting involves the use of lines of position, 
which are loci of a ship's position. A line of 
position is determined with reference to a land- 
mark; in order for a landmark to be useful for 
this purpose it mast \)e correctly identified, and 
its position must be shown on the chart which is 
in use. There are three general types of lines 
of position (fig. 7-1), (^) ranges, (b) bearings 
including tangents, and (o) distance arcs. 

A ship is on ''range'* v^'hen two landmarks 
are observed to be in line. Thib range is repre- 
sented on a chart by means of a straight line, 
which if extended, would pass through the two 
related charts symbols. This line, labeled with 
the time expressed in four digits (above the line), 
is a locus of the ship's position. It should l>e 
noted that the word ''range" in this context 
differs significantly from its use as a synonym 
of distance. 

It is preferuljle to plot true Ix^arings although 
either true or magnetic Ix^^aring may \>e plotted. 
Therefore, when the relative l>earing of a land- 
mark is observed, it should Ix.* converted to true 
^jearing or direction by the addition of the .ship*^ 
true heading. Since a lx,\-iring indicates the direc- 
tion ol a terrestrial object from the observer, 
in plotting, a line of position is drawn from the 



landmark in a reciprocal direction. For example, 
if a lighthouse bears 040, the shipbears220 from 
the lighthouse. A bearing line of position is 
labeled with the time expressed in four digits 
above the line and the bearing in three digits 
below the line. 

A special type of bearing is the tangent. When 
a bearing is observed of the right hand edge of 
a projection of land, the bearing is a right 
tangent. Similarly, a bearing on the left hand 
edge of a projection of land as viewed by the 
observer is a left tangent. A tangent provides 
an a*^nurate line of position if the point of land 
is sufficiently abrupt to provide a definite point 
for measurement; it is inaccurate, for example, 
when the slope is so gradual that the point for 
measurement moves horizontally with the tide. 

A distance arc is a circular line of position. 
When the distance from an observer to a land- 
mark is known, the locus of the observer's 
position is a circle with the landmark as center 
having a radius equal to the distance. The entire 
circle need not be drawn, since in practice the 
navigator normally knows his position with suf- 
ficient accuracy as to require only the drawing 
of an arc of a circle. The arc is labeled with 
the time above expressed in four digits and the 
distance l>elow in nautical miles (and tenths). 
The distance to a landmark may be measured 
using radar, the stadimeter, or the sextant in 
conjunction with tables 9 and 10 of the American 
Practical Navigator, 

703, KIXKS 

A fix (fig, 7-2), previously thought of as a 
VM'U determined i)usition, may now be defined as 
the point of intersection of two or more simul- 
taneously obtained lines of position. The symbol 
for a tlx IS a small circle around the point of 
intersection. It is lubt'led for lx3tter identifica- 
tion \Mlh the tinui exi)ressed In four digits 
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followed by the word "fix.*' Fixes may be ob- 
tained using the following combinations of lines 
of position: 

(a) A line of bearing or tangent and a distance 
arc. 

(b) Two or more lines of bearing or tangents. 

(c) Two or more distance arcs. 

(d) Two or more ranges. 

(e) A ra.ig^ and a line of bearing or tangent. 

(f) A rang? and a distance arc. 

Since two circles may intersect at two points, 
two distance arcs used to obtain a fix are some- 
what undesirable; the navigator in making his 
choice between two points of intersection may, 
however, consider an approximate bearing, sound- 
ing, or his DR position. When a distance arc of 
cne landmark and a bearing of another are u<=^ed, 
the navigator may again be faced by the problem 
of choosing between two points of intersection 
of loci. 

704. SELECTING LANDMARKS 

Three considerations in the selecting of land- 
marks or other aids for use in obtaining lines 
of position are: -<a) angle of intersection, (b) 
number of objects, and (c) permanency. 

Two lines of position crossing at nearly right 
angles will result in a fix with a small amount of 



error as compared to two lines of position 
separated by less than 30 degrees of spread. 
If in both cases a small unknown compass error 
exists, or if a slight error is made in reading 
the bearings^ the resulting discrepancy will be 
less in the case of the fix produced by widely 
separated lines of position than in that of the fix 
obtained from lines of position separated by a 
few degrees. 

If only two landmarks are used, any error in 
observation or iciciiLiiication may not be apparent. 
By obtaining three or more lines of position, 
each line cx position acts as a check. If all cross 
in a pinpoint or form a small triangle, the fix 
may generally be relied upon. Where three lines 
of posit .on are used, a spread of 60 degrees 
would result in optimiim accuracy. 

When a choice of landmarks or other aids 
exists fx?tween permanent structures, such as 
lighthouses or other structural and natural fea- 
tures identifiable ashore or in shallow water, 
and less permanent aids such as buoys, the former 
should ^>e given preference. The fact must be 
recognized that buoys, while very convenient, 
may drill from their charted position, because 
of weather and sea conditions, or through mari- 
time accident. 

The navigator oftentimos has no choice of 
landmai'ks, their permanency, num^x^r, or spread. 
In such cases he must use whatever is available, 
no matter how undesirable. In the evaluation of 



52 



Chapter 7 -PILOTING 




1500 f-ixG 



4 MILES 

58.76:. 77 
Figure 7-2.— Fixes. 



his fix, the numl)er of landmarks, their per- 
manency, and their spread should receive con- 
sideration. When three lines of position cross 
forming a triangle, it is difficult to determine 
whether the triangle is the result of a compass 
error or ar 'erroneous line of position. The plotting 
of four lines of position will usually indicate 
if a line of position is in error. 

705. CHANGE I.\ CO.MPASS KHHOK 

When lines of position cross to form a small 
triangle, the fix is considered to ))e the center 
of the triangle, a point which is determined by 
eye. If the size of the triangle upiXMrs signifi- 
cant, it is possible that the value of the compass 
error has changt»d. 

To com[)Ute the new compass error, without 
the benefit of a range or a/imuth, assume an 
error, then by successive trials and assumptions 
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determine the correct error. If the error assumed 
is improperly identified (east or west), the tri- 
angle will plot larger. If the error proves to be 
properly identified but the triangle still exists, 
although reduced in size, the navigator should 
on the second trial, assume a larger error in 
the same direction* 

706. RUNNING FIXES 

It is not always possible for the navigator to 
observe lines of position simultaneously. Some- 
times only one landmark is available; the navi- 
gator may make frequent observations of the one 
landmark, or he may, after one observation, 
lose sight of the available landmark only to sight 
a new navigational aid. During these observa- 
tions, if the navigator is able to compute distance 
he may easily establish his fix. If not, or if for 
any reason his data consists of lines of position 
obtained at different times, then he may estab- 
lish a position which only partially takes into 
account the current. This position is the running 
fix identified by the same symbol as the fix 
except that the time label is followed by the 
abbreviation "R. Fix." It is better than a DR 
position but less desirable than a fix. 

A running fix is established by advancing the 
first line of position in the direction of travel of 
the ship (the course), a distance equal to the 
nautical miles the ship should have traveled 
during the interval between the time of the first 
line of position and the time of the second line 
of position. The point of intersection of the first 
line of position as advanced, and the second line 
of position, is the running fix. The advanced line 
of position is labeled with the times of the two 
lines of position (LOP's) separated by a dash, and 
the direction, above and below t^e line, respec- 
tively. See fig, 7-3. 

To advance a line of bearing, a tangent, or 
a range, measure from the point of intersection 
of the LOP and the DR track line, along the 
track line, the distance the ship would have 
traveled at its given speed. This measurement 
provides a point on the DR track line, through 
which the earlier line of position is re-plotted 
without any change in its direction. (Fig. 7-3A.) 

To advance a distance arc, draw the course 
line as a broken line on the chart from the land- 
mark first observed. Along this broken course 
line, measure the distance the ship should have 
traveled, based upon the elapsed time between 
observations and the speed of the ship. At the 
point thus established, reconstruct the earlier 
distance arc. (Fig. 7-3B.) 
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A. BEARING LOP ADVANCED B. DISTANCE ARC ADVANCED 




C. PERPENDICULAR METHOD D. COURSC MADE GOOD METHOD 



58.76(190) 
Figure 7-3. — Running fixes. 



If the ship changes course and/or speed 
between observations the problem is not so 
simple to solve, and one of the following methods 
should be used' 

PERPENDICULAR METHOD.— After two lines 
of position are obtained, plot DR positions cor- 
responding to the times of the LOPs. From the 
earlier DR, drop a perpendicular to the earlier 
LOP. At the second DR, construct a line having 
the same direction and length as the first per- 
pendicular. At the termination of the latter line, 
construct a line parallel to the original LOP; 
this is the advanced LOP. The intersection of 
this advanced LOP and the last observed LOP 
establishes the running fix. The logic of the 
perpendicular method is that since the sj^eed 
and course of the ship generates the DK track 
line, if the advanced LOP lies with respect to 
the second DR position as it previously lay with 



respect to the old DR, then it has Ix^en advanced 
parallel to itself a distance and a direction con- 
sistent with the ship's movement duritig the 
intervening time. A variation of this method is 
to construct, instead of a perpendicular, a line 
of any direction between the first DK and LOP, 
This line is then duplicated at the secotid Dlt 
and the LOP advanced as l>efore. In duplicaticjii, 
the line from the second DR must ' e of the s;vnu» 
length and direction as the line connecting :he 
first DR and LOP. (Fig. 7-3C.) 

COURSE MADE GOOD METHOD. -As in tht; 
perpendicular method, plot DR positions tutnatch 
the time lal)els of the LOP's. Contiect tht: Dli 
positions; the connecting line represents the 
course and distance which the ship should havr 
made go(Kl. Advance tho first LOI' a distanc^e 
and direction corresponding to the line connect- 
ing the two DR i)ositiuns. (Fig. 7-3D.) 
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DUAI METHOD. —Since the DRAI resolves 
received inputs into components (N or S, E or W) 
the components for a given run may be plotted 
and connected by a line. The hypotenuse of the 
right triangle thus formed represents the direc- 
tion and distance the first LOP should be ad- 
vanced. 

707. SPECIAL CASES 

A special case of the running fix is the *'bow 
and beam*' situation. (See fig. 7-4.) When the 
tx)aring of a landmark diverges 45 degrees from 
the ship's heading, it is said to be broad on the 
bow. When the divergence increases to 90 de- 
grees, it is on the beam. By noting the time a 
landmark is broad on the bow and the time it is 
on the beam, the distance passed abeam can be 
computed; the distance abeam will be equal to 
the distance run between bow and beam bearings 
which in turn will depend upon the elapsed time 
and the ship's speed. Knowing the distance abeam, 
when a beam bearing is observed, makes the 
plotting of the running fix quite simple. The true 
bearing will be the true heading plus or minus 
90 degrees depending upon whether the landmark 
is abeam to starboard or abeam to port. The 
distance run equals the distance abeam because 
45 and 90 degree angles provide a right isosceles 
triangle with equal sides. 

Another special case, which is related to that 
of the bow and beam, is one known as "doubling 
the angle on the bow.*' The angle formed by the 
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Figure 7-4. ~ Bow and beam bearings. 



Course of the ship and a sight line in the direc* 
tion of a navigationally useful object is observed 
and noted, together with the time. A second ob- 
servation is made and the time noted when the 
angle on the bow is double that of the first 
observation. At that instant, the distance from 
the object is equal to the distance run between 
observations. 

The triangle formed by two bearings and the 
course line is a right isosceles triangle in the 
special bow and beam case which we have seen. 
However, it can be easily proved that upon 
doubling the angle on the bow, the triangle thus 
formed is also an isosceles triangle, having two 
equal sides, although not usually a right triangle. 

708. RUNNING FIX ERRORS 

The running fix may be a well determined 
position and is usually considered as such. For 
this reason, the DR track is normally replotted 
using the running fix as a new point of origin. 

However a running fix does not fully account 
for current, and the displacement of the running 
fix from the DR is not a true indication of current. 
If a head current is expected, extra allowance 
should be made for clearance of dangers to be 
passed iibeam, because the plot of running fixes 
based upon any single landmark near the beam 
will indicate the ship to be farther from that 
danger than it actually is. If a following current 
is experienced, then the opposite condition exists. 
This occurs because the actual distance made 
good is less with a head current and greater with 
a following current than the distance the LOP 
is advanced based upon dead reckoning. Usually, 
a limitation of 30 minutes should be imposed on 
the elapsed time between lines of position in a 
rui:ning fix; this however, is not a hard rule 
because of other considerations. 

709. ESTIMATED POSITION 

While it may not be feasible for the navigator 
to ootain either a fix or a running fix, he may 
observe such data as to make possible the 
plotting of a position more probable than a DR. 
Such a position is called an estimated position. 
It is identified as a square with a dot in the 
center and labeled with the time in four digits 
followed by the letters •'EP/* 

If the navigator has computed or knows the 
approximate strength of the current, this informa- 
tion may be applied to obtain an EP. At any 
DR position, construct the current vector; the 
direction of the vector will represent the set and 



55 



ERIC 



A NAVIGATION COMPENDIUM 



the length of the vector will depend upon the 
drift and the elapsed time since the last fix, The 
point of termination of this vector is the esti* 
mated position. 

Occasionally in reduced visibility the navi- 
gator may sight an aid momentarily and establish 
an EP. An EP may identify a fix or running fix 
which, in the judgment of the navigator, has been 
inaccurately obtained, or a fix obtained using 
radio bearings. 

When a vessel passes over a bottom having 
abrupt changes in depth or irregular contours, 
soundings may be utilized in the establishment 
of an EP. The navigator directs the recording 
of soundings at regular intervals, If these sound- 
ings are obtained using the fathometer then the 
draft of the ship is added to all values. His data 
then consists of depth recorded against time. 
A sheet of paper is graduated on one edge with 
the space between marks corresponding to the 
distance run (as measured on the scale of the 
chart in use) between the recording of soundings. 
These marks are labeled with time and depth. 
The navigator places the sheet on the chart with 
the labeled edge of the sheet in the general 
vicinity of the DR track. He moves the paper 
laterally in an effort to match the depths on the 
paper with charted depths (bottom contour). In 
lieu of the use of a sheet of paper on which the 
edge serves as the DR track, a sheet of flimsy 
paper with the DR track drawn anywhere on it, 
may be marked with soundings and used, If 
successful, the navigator may locate an esti- 
mated position by this procedure. 

Whether the navigator considers the DR or 
the EP as the ship's actual position depends 
upon the proximity of danger to each position 
with the track extended ahead, whichever posi- 
tion and track is nearest danger should be con- 
sidered as the actual position and track in order 
to provide the widest margin of safety. 

710. FIXES BY SOUNDING 

A new and rather unique piloting procedure 
has evolved whereby a fix instead of an EP can 
be obtained by soundings. This new procedure is 
characterized by the use of bottom contour lines 
as lines of position. 

By this method, it is first necessary to record 
the time of crossing each bottom contour line, 
together with the sounding. Second, it is neces- 
sary to indicate on the DK track the DR positions 
for times that such soundings were taken. Third, 
on a sheet of flimsy paper a line is drawn with 
an arrow on one end to indicate the direction 



of travel; a dot is placed approximately three 
inches back of the arrow point as a reference 
mark. Fourth, the flimsy paper is placed over 
the DR track with the reference dot over the 
DR position corresponding to the first recorded 
sounding and with the arrow in the direction of 
travel; the contour of the sounding recorded at 
that time is traced and labeled. Fifth, by moving 
the sheet in the direction of travel, and with the 
reference dot over successive DR positions, 
corresponding contour lines are identified by 
sounding and traced. Finally, after three or 
more contours are plotted, the intersection of 
contours may indicate a fix. It should be re- 
membered that contour lines because of their 
irregularity may cross at more than one point, 
and thus several may need to be plotted to re- 
solve possible ambiguity. The time of the fix 
corresponds to the time of the last plotted 
sounding. 

EXAMPLE: Having noted the bottom contour 
lines on the chart in use, the following soundings 
were taken and recorded. 

Time Sounding 



000 110 fms. 

1005 110 fms, 

1007 120 fms. 

1010 130 fms, 

1015 140 fms. 

Preparation: 

Having recorded the time of crossing of each 
contour, as indicated by sounding, on the chart, 
place the ship's DR track on the chart and indi- 
cate the DR position for each of the times 
recorded. (Fig. 7-5.) 

Take a sheet of flimsy paix?r, draw a line 
across the sheet, and place an arrow point on 
one end of the line to indicate the direction of 
travel. Place a reference dot approximately 
three inches behind the head of the arrow. (Fig. 
7-6A.) 

Plotting: 

Step 1 — Place the flimsy paix^r over the chart 
with the dot over the first DR position and the 
arrow pointing in the direction of travel. Trace 
the contour of the sounding recorded at that tmu* 
and lal^el with sounding. (Fig. 7-6A.) 

Step 2 — Move the flimsy sheet in the dirt*c- 
tion of travel until the dot is over the second 
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Figui^e 7-5. — Fix deterniined by sounding. 



position. Trace the contour of the sounding 
recorded for that tinu) and label with the sound- 
ing. (Fig. 7-6 B.) 

Step 3 --Move the sheet in the direction of 
travel until the dot is over the third UK position. 
Trace the contour of the soimding recorded for 
that time and lalx>l with the sounding. Examine 
for possible fix results. (Fig. 7-6C.) 

Step 4 — Move the sheet in the direction of 
travel and trace the next sounding as in steps 
I thi^ough 3. The position of the fix should Ik* 
apparent. The time of the fix when located will 
\hj the recorded tinu3 for the sounding last used 
for fix information. (Fig. 7-61).) 

Step 5 --Since sounding contours are not 
usually straight lines and can cross in more than 
one place, the position must \)e checked by 
placing the OH, with both time and soundings, 



on the flimsy pai^^r. Place the last DH time 
over the newly obtained fix and check the times 
and soundings against the apparent track. (Figs. 
7-61) and 7-5.) 

It may be noted that the position obtained by 
this procedure is technically a running fix, 
rather than a fix. l)eix.Mident upon the amount of 
elapsed timt? and the correlation of track and 
soundings, the |X)sition obtained may 1k» con- 
sidered as a fix, a running fix, or an cstimatt^d 
position. 

711. DANGER HKAHINGS AND 
DANGKK ANGLFS 

It is possible to keep a ship in sale ^vater 
withoat frequent fixes through the use (;f danger 
Ixjarings and dangt^r angles. 
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If a ship must pass a dangerous area such as 
unmiirked shoal water ^ draw a circle around 
the area on the chart. Check the chart for some 
prominent landmark in the general direction of 
travel (or the reciprocal). Draw a line from the 
landmark tangent to the danger circle and label 
the line with its direction. This direction is the 
danger bearing on the landmark from which it 
is drawn. With the danger bearing as a line of 
demarcation, the mariner can tell whether he is 
outside or inside of the danger area Just by 
checking the beai^ing of the object. 

Danger angles are of two types, horizontal 
and vertical. If two prominent landmarks are 
available, a horizontal angle is i-ed. If only 
one prominent landm^\rk is available then a 
vertical angle is used; however, this method 
requires that the height of the landmark be 
known. In either case the first step is to draw 
a circle around the danger area on the chart. 
For a horizontal angle, a circle is constructed 
passing throurh the two available prominent 
landmarks, and tangent to the danger circle. If 
it is desired to leave the danger area between 
the ship's track and the selected landmarks, the 
circle through the lai*dmarks contains the danger 
circle; if it is wiv^*\ed to pass between the 
danger circle and the prominent landmarks, the 
danger circle although tangent, will lie outside 
the circle which passes through the selected 
landmarks. To construct two circles tangent to 
each other, it is necessary to make use of the 
fact that their diameters lie in a straight line. 
From the point of tangency of the two circles 
draw two chords, one to each landmark. These 
chords provide an inscribed angle the value of 
which is the danger angle. To leave the danger 
area f)etween the track and the selected land- 
marks, the angle formed by the two landmarks 
with the ship's position as a vertex must not be 
allowed to lx}come greater than the danger angle. 
To pabs t)et\veen the two prominent landmarks 
and the danger area, the angle must not be 
allowed to lx?come smaller than the danger angle. 

To use a vertical angle, construct a circle 
tangent to the danger circle, using the landmark 
of known height as the center. The vertical dan- 
ger angle may Ix) found by entering table 9 of 
the American Practical Navigator with the radius 
of the tangent circle and the height of the object. 

To puss IxitwtxMi two danger areas, the navi- 
giitor computes an upper and a lower limitation 
for the value of the danger angle. 
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712. TACTICAL CHARACTERISTICS 
IN PILOTING 

Thus far in this discourse upon piloting^ the 
tactical characteristics of the ship have not been 
considered. It has been assumed that course and 
speed changes would be effected instantaneously. 
In actuality, such is not the case. At sea, when 
at great distance from navigational hazards.such 
an assumption can be made, inasmuch as the ship 
is in no immediate danger, and on a small 
/scale chart the tactical characteristics will not 
' alter the plot. However, most piloting is accom- 
plished inshore, in close proximity to naviga- 
tional hazards. Large scale charts enable the 
navigator to depict his position with greater 
accuracy as essential for ensuring safe passage. 
Accordingly, the largest scale, most detailed 
charts available are used when in restricted or 
pilot waters, and full allowance is made for the 
tactical characteristics of the ship. 

Tactical characteristics vary with each ship. 
To effect either a coui'se or a speed change 
requires varying amounts of time and space, 
dependent upon the ship, the magnitude of the 
change, sea and weather conditions. Particularly 
in effecting a course change, the ship may be 
expected to be offset some distance from the 
planned track unless the turning characteristics 
are considered. Failure to consider such char- 
acteristics can directly contribute to driving the 
ship into danger. 

Tactical data is obtained and recorded for 
each ship to describe turning characteristics in 
terms of "advance" and "transfer" for varying 
rudder angles, usually every 15°. "Advance" is 
the distance gained along the original course 
extended, and "transfer" is the distance offset 
perpendicular to the original course; both are 
measured from the roint at which the rudder is 
put over. Advance is maximum for a turn of 90"^. 

Other related terms include: 

Angle of turn — The arc in degrees through 
which a ship turns. 

Turning circle — The path followed by the 
pivot point of a ship turning 360"". 

Tactical diametex^ — The distance offset right 
or left of the original course when a turn of 
180'' is made. 

Final diameter — The distance perpendicular 
to the original course as measured lx?tween 
tangents to the turning circle at 180'' and 360"* 
points in the turn. Essentially, it is the diameter 
of the turniiig circle. Tlie final diameter is 
always somewhat less than the tactical diameter. 
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Standard tactical diameter — A prescribed dis- 
tance used by all ships in a formation as a 
tactical diameter for uniformity in maneuvering. 

Standard rudder — That amount of rudder re- 
quired for a ship to turn in its standard tactical 
diameter, 

Tactical data also includes tables of accelera- 
tion and deceleration to accommodate the need 
for accurate calculation of a ship's progress 
along the planned track. 

In restricted or pilot waters, the need for 
accuracy is generally so great, that advance and 
transfer must be considered before each course 
change. Accordingly, advance and transfer are 
estimated, and at that point on the chart where 
the course change is to be effected, it is plotted 
m reverse direction. This identifies the point 
at which the rudder should be put over to effect 
the course change in a timely fashion. Addi- 
tionally, the bearing of a landmark or other aid 
to navigation, preferably close to the team, 
should be noted, as measured from that point 
on the plot at which the rudder will be put over. 
This bearing, termed the "turn bearing," is used 
as one means of ascertaini. g the proper time 
for making the turn. However, it is always good 
practice to obtain a fix a minute or so before 
the turn, and an additional fix after the turn when 
the ship is steady on its new course, 

In addition to allowing for advance and trans- 
fer in making a tiurn, the combined effect of wind 
and current should be considered. The wind can 
tx? observed, and the current can generally be 
predicted, as we have seen previously, from 
tables. Experience in ship handling and knowl- 
edge of local sea and weather conditions are 
most helpful, and provide reason for navigation 
being an art as well as a science. 

713. PRECISION ANCHORING 

For practical convenience, the Oceanographio 
c\fice publishes anchorage charts of principal 
r,S. ports » These are merely harlx:)r charts with 
anchorage berths preselected and oviM-pr intecl as 
Ci^lored circles of various dianieterb. Anchora^v 
ix^rths, with centers usually in a straight hm.\ 
and with liinitin£; circles usually tan^^at t^ thosi* 
joining, are identified by letters und/or n;:ni- 
rs for .simplification of anohoragv assi^nna-iit. 
1-or anchorage in an arua n which such iK'rths 
are not readily available, :t iht Ui>u U ]>r:i^;ti(.e 
Kn 6{K.vify or locate the aiK^hora^n- i\\ ternis (>f 
'v.uing tmd distance from a p/roinineni landiviai'k. 



']'he requirement for anchoring should l)e 
anticip* 'ed, and except in an emergency situa- 
tion, de. "^rves detailed preparation. The location 
must be studied, noting the depth of water, 
nature ol cottom, and the navigational aidy use- 
ful for acLvu coly fixing the position during the 
approach, upon, and after anchoring. The proxim- 
ity of navigational hazards, and the proximity of 
channels or fairways subject to ship traffic, 
should be considered. The nature or type of 
lx)ttom is an indication of the holding qualities; 
for example, the anchor will hold Jx)tter in mud 
or clay than in sand or rock, and will usually 
hold better in sand than on a rock bottom. The 
type of bottom, depth of water, and anticipated 
weather, should be considered in planning the 
scope of anchor chain, in addition to the proximity 
of other ships, underway or at anchor, and 
navigational dangers. 

A planned track must be prepared to . the 
anchorage, with careful col ideration of all 
hydrographic featui'es and the draft of the ship. 
Consideration must be given to the raising of 
the pit sword or rodmeter, if extended, and of 
the tj-pe which can be raised and housed. Wind 
and current must considered. It is advan- 
tageous to approach the anchorage, when pos- 
sible, by heading directly into the current, except 
when the wind effect exceeds that of the current, 
in which case it is advantageous to head mto 
the wind. Such contributes to greater steering 
accuracy, which can Ix.^ further improved by the 
ship maintaining a steady course for at least 
the last 500 yards to the anchorage. 'Hie loca- 
tion of navigational aids should Ix? fully con- 
sidered. If wind and current conditions vvill also 
pt^rmit approaching the anchorage with the ship 
•*on range,*' which is the maintaining o** two 
fixed objects in line with the diroctitm oi the 
line corresponding to heading, then even greater 
navigational accuracy can achieved. Th<^ navi- 
gator can thereby jn-actically (eliminate the cM<-ct 
of compass error f^n steering. He can deiei n:ine 
the ship's progress along tlv approach ?raek 
merely by observing and plotting o-u.* ( '•(•.>-.s 
Ixfaring, although the plotting of two such 
Ijearings is more desirable. 

In fuj'ther jjn^parat ;on, the navig.il.-^i sh.<r.iUi 
consider the distance from the hriilgi\ uhert- the 
bc\irings are to i)e taken, in the l'ia\'^^'. puH-, it 
uhi'.'h point the anchor is t(^ Ik* dr(^p|x\i. thi- )s 
known as *'bndgL»-h,.iWre di.-tanei*. Ciau'erted 
to yards, and nu-a^tux^d along th^* truck Mmn ihi: 
anchorage in ojijioj^ite dirretior. of iht- .iMproaeh, 
thi^ ^-U*^(.igt*-ha\^^e di/tanc*.- idt;r.tilie- th.r point 
which when r</ached I'V the f/ncige, ;j!a- e'- ti.e 
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hawse in the proper pOBition for anchoring, 
assuming that the heading of the ship corresponds 
to the direction of the approach track. Appro- 
pi'iately, the bearings upon anchoring will nor- 
mally be observed from the bridge, and when 
plotted should fix the ship's position that distance 
away from the desired anchorage as is equal to 
the bridge-hawse distance in a direction which 
is the reciprocal of heading. Also, the navigator 
should strike arcs of range circles, from the 
point established using bridge-hawse distance, 
so that the distance to anchorage can be directly 
read from the plot without resort to direct 
moasurement. Arcs of range circles are usually 
drawn, crossing the approach t.ack, using radii 
in 100 yard increments out to 1000 yards, with 
additional arcs at 1200, 150G, and 2000 yards, 
Lalx^ling the point for letting go the anchor as 0, 



the other arcs are labeled in accordance with 
their represented range from the anchorage. 
(See fig. 7-7.) 

If turns are to Ixj made in the approach, the 
navigator should note and record the ''turn bear- 
ings*' of suitable navigational aids. The immedi- 
ate availability of turn bearings, together with an 
estimate of advance and transfer, will serve the 
navigator in effecting the turn with accuracy. 
Additionally, he will note and record the "drop 
bearing," that is, the bearing of a prominent 
landmark which is approximately perpendicular 
to the approach track. Allowance for the bridge- 
hawse distance is made in determining the drop 
bearing. 

It is common practice for the navigator, well 
prior to anchoring, to inform the Commanding 
Officer, the Officer of the Deck, and the First 




190,11 

Fij^iare 7-7, — Preparation for precision anchoring. 
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Lieutenant 'of the depth ol water, the t^-pe of 
bottom, and the distance and location of shoal 
water or other navigational hazard in the vicinity 
of the planned anchorage. Before the approach, 
the navigator should^ show the Commanding Offi- 
cer and Officer of the Deck the approach track 
and inform them of the principal landmarks to 
be used, of turn bearings if any, and of the drop 
bearing. Throughout the approach, the navigator 
will report the direction and distance to anchor- 
age. 

It is good seamanship practice under most 
conditions for the ship's headway to be reduced 
as it approaches the anchorage, and upon reach- 
ing the drop bearing, in anticipation of which 
propellers are reversed, to let go anchor with 
a small amount of sternway on. This generally 
makes it possible to set the anchor without its 
chain tending under the ship where it may en- 
danger such appendages to the underwater body 
as the sonar transducer. By a careful combina- 
tion of engine orders and the holding or veering 
of chain, the anchor can usually be safely set. 

Upon anchoring, it is necessary to accurately 
fix the position by observing and plotting a round 
of bearings. As soon as the anchor is known to 
be holding, the position should again be fixed. 
Additionally, by using a sextant and a three-arm 
protractor as explained in art. 310, with sextant 
measurement of horizontal angles as observed 
from the forecastle (at the hawse, when the chain 
is nearly vertical), an accurate fix can be ob- 
tained. This can serve as a check upon the fix 
based upon bearings observed from the bridge. 
While at anchor, bearings are taken and re- 
corded periodically for comparison with the 
established fix as a precaution against dragging. 

Upon getting underway from anchor, the navi- 
gator must commence piloting procf" lures as 
soon as the heaving in of the anchor chain is 
commenced. The ship's position must . e accu- 
rately known, particularly from the time the 
anchor breaks ground. During this crucial period 
in getting underway from anchor, accurate knowl- 
edge of the ship's position is necessary as a 
precaution agamst dragging or drifting into shoal 
water or other hazard. 

714. BUOYAGE 

Buoys are navigational aids which serve as 
markers. Some are so equip{x.*d as to 1m.* ust'ful 
at night or during periods of reciuced visibility: 
some are not so equipped and horice are useful 
only in daytime. Buoys are not iixed aids (they 
consist of a float, mooring, and anchor) and can 



not bt^ completely relied upon. Their service is 
chiefly that of warning the navigator of impending 
danger. The following are representative types 
(descriptive of the float, which identifies a buoy): 

SPAK BUOY.— A trimmed log which resem- 
bles a stake at a distance. 

CAN BUOY. — A cylindrical steel float, 

NUN BUOY.— A steel float the shape of a 
truncated cone. 

BELL BUOY. —A buoy with a skeleton tower 
which holds a bell generally actuated by the 
motion of the sea. Some bells are struck by the 
action of gas compressed in a cylinder. 

GONG BUOY.— Similar to a bell buoy but 
equipped with gongs instead of a bell, which make 
sounds of different tones. 

WHISTLE BUOY. — Similar to a bell buoy but 
equipped with a whistle (useful in low visibility) 
usually actuated by the motion of the sea. Some 
buoys are equipped with trumpets which are 
sounded mechanically. 

LIGHTED BUOY, — Buoy which carries alight 
at the top of the skeleton with either acetylene 
gas or electric batteries for power. A lighted 
buoy may for some reason become extinguished 
and therefore is not completely reliable. 

COMBINATIOX BUOY.— A buoy which com- 
bines a light signal with a sound signal. Examples 
are lighted whistle buoys, lighted bell buoys, 
and lighted gong buoys. 

RADAR REFLECTOR BUOY.— A buoy which 
supports a screen and makes early detection by 
radar probable. 

Buoys which mark turning points may be 
equipped with a ball, cage, or son^e other device. 

Each maritime country has developed, and 
in most cases, standardized by law, the colors 
for its own particular buoyage system. These 
systems are described in appropriate Oceano- 
graphic Office Sailing Directions. The following 
colors represent U.S. buoys and, with the excep- 
tion of white and yellow, indicate lateral signifi- 
cance: 

HP]D. — Identifies huoys on starboard hand of 
a channel entering from seaward, A rule to 

62 
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rcmcuiJ^er is **3U^^'' meaning "Red-Right- 
Heturnin^." These huoys are usually of any type 
except can, and ix^ar even numl)ers commencing 
With 2 at the seaward end of a channel. They 
niiiv carry a red or white light. 

BU^C'K. - Identifies buoys on the port hand 
oi a ohunnel entering from seaward. These buoys 
art* usually of any iy])e except nun, and f^ear odd 
nuniix'rs ounimencing at the seaward end of the 
channol with I. Thi'V may carry a green or white 
light. 

K1:D ANi.i BLACK HORIZONTALLY 
S'rkil'hl). —Identifies an obstruction or junction 
ami niav Ik* passed on either hand. 

lU ACK AND WIirrK VERTICALLY 
Sl'hMPr i). —Identifies a fairway or midchannel 
bun\ whu-h ^ihould lie passed close afx)ard. Only 
whitf lit;ht> are carried by this type of buoy. 

WHI Vk, - Anchor agt\ 

"iT.Ll.o'A. ^ ^^larantine anchorage. 

Mt. fjDns, st.ikes, :ind spindles may fx? erected 
Ml ^-liailow water. Their color is in accord with 
the uutj\.iire system but usually also provides a 
conr.r\^st with the backgi'ound. These are fixed 
lanJ:i: >:ks and are generally more reliable than 
buo\ s . 

f<ei)rf?s^.-jitaiiv»« lightrd and imlighted buoys, as 
Wfll a-- various lx.'acons, are illustrated in 
ApjjondiN A . 

715. LICiHTS 

Lighted aidb coiiMSt of lightships, lighthouses, 
lit^htfd licacons, and lighted buoys. These are 
l^stfd m the tight list to facilitate identification. 
Kazlure to correctly identify a light has often 
rt*sultt\l w- disaster; light identification requires 
corrt'ctixi ohaits and publications, and warrants 
the urrc t)i a stop watch to check the f)eriod or 
evcUv C. :iar;icteristics of lighted buoys are illus- 
trated in ApfXMuhx A . 

I^itrht colors nny fx^ white (W), red (R), or 
greet* if not indicated, the light is assumed 
to be white. 

Iht- j.xruxJ ol a light is the time in seconds 
a lij^ht rvf(uirt\^ to comyilete a cycle, or endure 
a (.'unrVit'ti' set ol changt^s. 

r -v i \ OF LIGHTS 

l.:\:h\ \:^\hi\'V: \^ catt>gonzed by three t\i)es 
V i'r<^'"-, t:?-'opi -.iphic. nominal, and luiTiinous. 
ih; ( r* '^F:r i';hir Visibility of a light is the num- 
})i:v '.r »;'i-iti, :i; rnik'S a lif^ht ?nay t)e seen by an 
nbf< rv* ;t 'i hfig}»r 15 ft. :iUDvt' st»a level, under 
'.-orid.t! •»* p^Ttect visibihr.y, and without regard 



to candlepower. The geographic visibility and Uie 
height of a light may be found on the chart, adja- 
cent to tlie light Bynmbol, and in the J^ight J.j$u 
The higher the light the greater the distanceTt 
should be seenj theoretically, the distance a light 
should be seen by an observer at sea level is the 
length of a beam measured from the light to us 
point of tangency with the earth's curved surl ace, 
assuming that the light Is not restricted by candle- 
power or brilliancy. 

The nominal range is the maximum distance at 
which a light may be seen in clear weather, which 
is meteorologically defined as a visibility of ten 
nautical miles. Nominal range is listed for only 
those lights having a computed nominal range of 
five nautical miles or greater. If the geographic 
range is greater than the listed nominal range, 
the latter will normally govern. 

The luminous range Is the maximum distance a 
light may be seen under existing conditions of 
visibility. The luminous range is determined from 
either the nominal range or the intensity, and the 
existing conditions of visibility. See Appendix K. 

Intensity or candlepower of light given is ap- 
proximate and is based upon the International 
Standard Candela. 

The navigator is interested in tlie radius of 
visibility of a given light under existent conditions. 
Thus, the navigator normally determines luminous 
range, then computes that limitation imposed by 
the earth's curvature; by comparison, it can read- 
ily \)e seen which limitation is applicable, that 
determined by intensity or that imposed by the 
heights of the light and of the observer's platform* 

I'sing the luminous range diagram (Appendix 
L), either the nominal range or the intensity, and 
the meteorological visibility, the luminous range 
can be found by inspection. L'sing the distance of 
visibility of objects at sea (Appendix E) , the height 
of the light, and the navigator's height of eye, the 
distance a light can be seen as limited by (»arUi'6 
curvature can be computed; values as Vjikvn iroin 
the table of distance of visibility for each ot tiie 
two heights are simply added. The radius ol viPi-* 
bility of the light will equal the lesser ot Inose 
two range limitations, luminous and eartirs cur- 
vature. 

The applicable Light List provides tht-ht ights 
of lights » and as appropriate, the noaiinal range 
and intensity* The navigator must know l.is twn 
height of eye and the meteoix">logical visibility. 
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EXAMPLE l: 

Given: Light, 55 feet high, geographic 

range 13 miles, nominal range 11 
miles, intensity 2,000 Candelus. 
Navigator's height of eye, 27 feet; 
visibility 5 miles. 
To find: Radius of visibility. 

Solution: Enter the luminous range diagram 

(Appendix E) with (1) eitlier the 
nominal range or the intensity; and 
(2) the meteorological visibility. 
When both nominal range and in- 
tensity are given, it is preferable 
to enter the diagram with intensity. 
It may be determined that the 
luminous range is 7 miles. Since 
the navigator is at a greater height 
than that upon which geographic 
range is computed (15 feet), he 
should be able to seethe light at 
least 13 miles away (its geograph- 
ic range), unless limited by its 
intensity. Using the distance of 
visibility of objects at sea as 
tabulated in Appendix E, the dis- 
tance visible as limited by the 
earth's curvature is computed as 
follows: 
height of light. 55 feet - 8.5 
height of eye, 27 feet - 6.0 

Total - 14.5 nautical miles 
However, since the light is limited by intensity 
and existing visibility, the luminous range is 
applicable, and the radius of visibility is 7 miles. 

EXAMPLE 2: 

Given: Light with same characteristics 

as in Example 1. Navigator's 
height of eye is 10 feet; visibility 
\B 20 miles. 

To find: Radius of visibility. 

Solution: The luminous range based upon 

the diagram, is found to be 16 
nautical miles. The range, based 
upon the earth's curvature, is 
determined as follows: 
height of light, 55 feet - 8.5 
height of eye, 10 feet - 3.6 

Total - 12.1 nautical miles 
Thus, the radius of visibility, in 
this case, as limited b>' the earth's 
curvature, is about 12 nautical 
miles. 

It should be noted that if the characteristics of 
a light and the distance to it upon sighting are 
known, the luminous range diagram may l>e used 



to determine the meteorological conditionof visi- 
bility. 



717. PREDICTING THE SIGHTING 
OF A LIGHT 

Having computed the radius of visibility, draw 
a circle using the computed radius with the light 
as center. The point of intersection of this circle 
and the DR track marks the point at which a light 
should be sighwed, This time Is computed by dead 
reckoning; the true bearing is the true direction 
of the light from the point of intersection of U*e 
DR track and the circle. 

718. LIGHT SECTORS 

Shield or colored glass shades may be fitted 
to lights making them obscure in one or more 
sectors or so that they will appear to be one color 
in certain sectors and a different color in other 
sectors. These sectors may be located on the 
chart by dotted lines and color indications. Such 
sectors are described using true direction in three 
digits for each sector boundary, and the direction 
given is as observed from seaward looking 
towards the light and clockwise. Manyof our lights 
located along dangerous coastlines such as the 
Florida Keys have red and white sectors; when in 
the white sector the ship is usually in safe water 
but when in the red sector the ship is inside of a 
danger bearing and is in danger of running upon 
a reef. 

719. BEARING BOOK 

It is good practice to maintain a small book of 
convenient size for the recording of bearings and 
other desired piloting information, together with 
the identity of aids used and the time. Normally, 
the pages of such a record book are ruled so as to 
provide approximately six vertical columns. Each 
page, as used, is dated, and the first column on 
the left is used for the recordingof time. In other 
columns, headed individually by the identity of 
aids, the bearings observed are accurately re- 
corded, horizontally opposite to the recorded 
time. One column may be set aside for recording 
soundings for correlation with fixes as obtained. 
Bearings are true unless otherwise noted. If g>'ro 
bearings are recorded in lieu of true tx^arings, 
they must be so identified, together wiUi the gyro 
error, if any. Because of the im{>ortance of such 
a record, as of other records having legal signify- 
Icance, erasures are not permissible. (See fig. 
7-8.) 
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801. GENERAL 

Electronic navigation is considered here as a 
deluiite division of navigation and one which will 
be further developed during the next few decades. 
As far as basic techniques are concerned, elec- 
tronic navigation is an extension of piloting. It 
difft?rs from piloting in the methods by which the 
data is collected. 

Radio, radio direction finder, radar, sonar, 
loran and Decca, are examples of basic elec- 
tronic navigation equipment. Radio, as used prin- 
cipally for obtaining time signals, weather, and 
hydrographic information, was briefly mentioned 
in art, 307, The other basic electronic instru- 
ments, together with related equipment such as 
radar beacons and Shoran, are addressed in 
greater detail in this chapter, more advanced 
electronic navigation systems are described in 
chapter 9. 



802, IVLVRINE RADIOBEACONS 



Marine radiobeacons are important aids to 
electronic navigation and are described in H.O. 
117 Radio Navigational Aids, The letters "RBn" 
denote their location on a nautical chart. They 
are particularly useful in piloting during periods 
of poor visibility. Transmitting in the medium 
frequency range, and identified by the dot and 
dash arrangement of their transmission, radio- 
beacons may be classified as directional, rota- 
tional, and circular. Directional radiobeacons 
simply transmit their signals in beams along a 
fixed ^)earing. Rotational radiobeacons revolve 
a beam of radio waves in a manner similar to 
the revolving beam of Ught of certain lighthouses. 
Circular radiobeacons, the most common type, 
send out waves in all directions for ship recep- 
tion by radio direction finder as described in 
the following article. 



803. RADIO DIRECTION FINDER 

This is an aaimuthal instrument, formerly 
called a radio compass, which upon receipt of a 
radio signal can determine the direction of the 
sending station. It is an important navigational 
aid because of its usefulnessin search and rescue, 
or distress operations, and in homing aircraft. 

Generally, the shipboard equipment consists 
of a receiver and two antennas. One antenna is 
a vertical stationary sense antenna, the other a 
rotatable loop antenna. The latter, in essence, 
is the "direction finder," 

As the antenna is rotated, its output varies 
with the angle relative to the direction of the 
received signal, When it is perpendicular to the 
signal, signal strength is ata minimum or "null,*' 
The reading is taken at this point l^cause a 
small change in the relative direction of the 
signal thus obtained causes a greater change in 
signal strength than does an equal changt» when 
the signal strength is at or near the maximum 
level. 

Changes in the signal strength can bo ob- 
served and related to bearings which are read 
from a dial. Bearings may be true or relative, 
depending upon the equipment. Since there are 
two "null" points for each complete revolution 
of the antenna, the sensing antenna works in 
conjunction with the loop antenna to resolve the 
ambiguity. 

Variations of this antenna arramgemcnt exist 
in the Automatic Direction Finder (ADF) in which 
two loops are rigidly mounted in such a manner 
that one is rotated 90"" with respect to the other, 
The relative output of the two antennas is related 
to the orientation of each with respect to the 
direction of travel of the radio wave. Newer 
radio direction finders, often small, portable, 
and battery operated, have a ferrite rcxl coupled 
inductively to the receiver which server in Iw.a 
of the loop antenna. 

Radio bearings may \ye ol)tainod frt^n r(iuip- 
ment other than the raHio direction finely r ..nd it 
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the source of the signal can be identified, such 
bearings may be used to establish or to confirm 
a navigational position. As primary sources, 
however, marine radio beacons and direction 
finder stations are regularly provided in many 
parts of the world. Their position can be deter- 
mined from maritime charts and from HO Pub 
117, Radio Navigational Aids. It is of the greatest 
importance in plotting radio bearings to keep in 
mind the fact that the reciprocal of the bearing 
represents the direction of the ship from the 
transmitting source. These bearings are great 
circle bearings and over long distances must be 
corrected, prior to plotting on a Mercator chart, 
by a method described in HO Pub 117, Radio 
Navigational Aids. 

804. RADAR 

The word "radar'' is an abbreviation for 
"radio detection and ranging/' Radar equip- 
ment generates a directional radio wave which 
travels at the speed of light and which upon 
striking an object, is reflected back at the 
same velocity. A radar set is so calibrated that 
the range (distance) of an object can be directly 
read; this is feasible since the equipment is de- 
signed to compute distance from speed and time 
(the fraction of a second required for the signal 
to travel to an object and return is divided by 
two). The direction of a generated signal depends 
upon the direction the antenna is trained; for 
continuous search in all directions the antenna is 
permitted to rotate at uniform speed. 

The principal parts of a radar set and their 
functions are: 

(a) Transmitter — Transmits electrical ener- 
gy- 

(b) Modulator ---Cuts off transmitter periodi- 
cally to convert signal to pulses. 

(c) Antenna — Radiates signal and receives 
echo. 

(d) Receiver — Receives echo via antenna. 

(e) Indicator — Indicates the time interval be- 
tween pulse transmission and pulse return as a 
measurement of distance to the reflecting object • 

Part of the indicator is the cathode ray tul>e, 
the face of which is referred to as the ''scoix^/' 
There are two general t\j)es of scopes differing 
in presentation, the most common of which is 
the "PPr* or "plan position indicator." It is 
graduated in degrees for the direct reading of 
true and relative l>earings: true direction is 
supplied by an input from the g>Toconipass. 



The center of the PPl scope represents the 
ship's position. Reflecting objects within range 
appear as shapes upon the scope. Range may 
be read from the PPI scope either approximately 
by the use of concentric range circles or more 
accurately by matching a "range bug" with a 
target pip and reading the range from a dial* 
(See fig. 8-1.) 

805, ADVANTAGES AND LIMITATIONS 
OF RADAR 

The usefulness of radar, a range-bearing de- 
vice, is illustrated by the following advantages: 

(a) Safety in fog piloting — Radar provides an 
extra pair of eyes when the ship operates in 
reduced visibility, and can penetrate darkness and 
fog in the interest of safety. 

(b) Means of obtaining range and bearing — 
This information may be sufficient to establish 
a fix, 

(c) Means for rapidly obtaining fixes — The 
radar may easily provide position information 
faster than con be obtained through any other 
means. The PPI actually provides a continuous 
fix. 

(d) Accuracy — This depends upon skill of the 
operator and the adjustment of the equipment; 
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however, an accuracy of a few yards may be 
attained. 

(e) Range — The range is much greater than 
visual range. It depends upon the earth's curva- 
ture, as in the case of the radius of visibility 
of lights, and upon the characteristics of the 
set. It is not unusual to detect a high mountain 
at a range of 150 miles » The calculated distance 
to the nuxDti was checked by radar, considerably 
prior to the making of lunar flights, 

(f) Use as an anticollision device — The radar 
supplies information about the movements of 

. nearby ships. Conning of the ship may be accom- 
plished by reference to the PPI scope. 

(g) Storm tracking — Radar is useful in track- 
ing violent storms. 

(h) Remote indication — The PPI scope pres- 
entation may be automatically indicated at re- 
mote locations* 

The limitations of radar arc: 

(a) Mechanical and electrical character — It 
is subject to mechanical and/or electrical fail- 
ure. 

(b) Minimum and maximum range limi- 
tations—There is a minimum range limitation 
resulting from the echo of signals from nearby 
wave crests. These echoes are called ''sea re- 
turn/' The radius of the sea return is a few 
hwidred yards depending upon the adjustment of 
the equipment. Nearby objects may be obscured 
by the sea return thus establishing a minimvmi 
range. As previously mentioned, the maximum 
range depends upon the earth's curvature and the 
characteristics of the set. 

(c) Interpretation — This is often difficult. The 
operator should be able to provide navigational 
information through the recognition of electron 
patterns. There is not always enough information 
fur definite scope interpretation. 

(d) fiearing inaccuracy — The radio waves 
travel as fan-shaped beams which result in echoes 
greater in width by several degrees than the angle 
subtended by the reflecting surface. If the beam 
width in degrees is known, the operator should 
add half the width to left tangents and subtract 
half the width from right tangents. 

(e) Susceptibility to interference — Both natu- 
ral (atmospheric) and artificial (jamming) inter- 
ference may restrict usefulness of equipment. 

(f) Necessity for transmission from the 
ship -This reduces security by breaking radio 
silence. 

(g) Land shadows and sea return — These 
may cause objects not to Ixj detected. Land 



shadows result when the land contour prevents 
radio waves from striking the entire surface. (.\ 
small hill in the rear of a high hill would appear 
in land shadow.) 

806. ACCUR.\CY OF iir\DAH 

The accuracy of a radar position may be affect- 
ed by the following: 

(a) Beam width (bearing accuracy) — If visual 
bearings are available thoy should U; used in lieu 
of radar bearings. 

(b) Pulse length (range accuracy) - linnet; ac- 
curacy is usually greater than Ixiarin^ a^x uracy. 

(c) Mechanical adjustment, 

(d) Ability of the operator. 

(e) False targets — An example oi a faljsc? 
target is surf which may reflect tichouii ami appear 
as a shore line, 

(f) Shadows— This result of contour.s makes 
identification difficult as shupcB on the si:optj may 
not correspond to actual shapes on the chart. 

807. RADAR FlXEb 

The following methods, which are Uvsc i m pi- 
loting, may be employed to establish a radar fix: 

(a) Range and Ix^aring ot ;in oojc*ct - 1 he 
accuracy may be improved by the ^ufjstuution 
of a visual bearing. 

(b) Two or more bearinj^y ikc.iuse Ix/ur- 
ing inaccuracy this is not a prefcrr^^d mfUnxi. 

(c) Two bearir*gB and a rangt? - li ihc r.m^* 
arc does not pass through the point of inter- 
section of the Ix^arings. the fix >ho\ihi es- 
tablished as the point on the distanci^ (ran^e) 
arc equidistant from each Ix^iiring ln.e. 

(d) Two or more range arcs - i hi- prtA ides 
the best fix. Three arcs are fx^tter thur. :\\ 
Two circles may intersect ai tv.v) \k)\u[> and Uni^ 
force the navigator to choose l.)etween t .sv (h^<^•l- 
ble positions. 

(e) Three-ai-m protractor nn-thcKi - < >iu' h\a\- 
measure bearings of three ohjeets and up 
3-arm protractor us descriUxi m art. 310. 

808. VIRTUAL PPl REiaECTON.'UPK {\V\i) 

The VPR is an attachment whui: iwiv 
used in conjimction with the v:'\ .( ^ 
radar to fix the position of the >tiip (;er:t n. it>us- 
ly on a navi^^.iUon chart. It cons;>t: oi t ■ h.-rf 
board uixjn which a navigation chart l ^ .-i-r'ire,l. 
and a set of reflecting nurrijr- \v[u. li .< rv:- tn 
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reflect the chart uiwi the PPI scope. The center 
ot the PiM scojK? represents the position of the 
ship; therefore, it the reflected chiirt image is 
rn itrhed with the sco{)e, the center of the scope 
marks the ship's position on the chart. VPU 
t n.ii'ts must i)e drawn to a scale which is con- 
.sistJ-nt With the range* scale ot the PPI seoix?. 
SonieMmes the VPH chart is a grid chart thus 
<MM'';linK the oix>rator to read at any time lha 
^ri'.i position of the ship. The navigator may 
tr.iiis^er this position to a navigation grid chart 
chaiMOti n/ed by the same grid system but not 
necesi^inly having the same scale. 

i<()9. KAUAH liKACONb 

l\vo common radar wacons are "racon'' 
and '•ramurk.*' RACON, used primarily in air- 
craft, consii^ts of a transmitter and a receiver 
on htxird the aircraft and a transponder at some 
designated position. The aircraft transmits a 
signal, which upon lx?ing received by the trans- 
ponder, triggers the transponder and sends a 
signal hack to the aircraft; this returning signal 
is received upon a scoi)e similar to a PPI scope. 
Direction can l>e determined since the signal 
api)eais as a radial line of dots and dashes 
exteriding from the center of the scope to the 
S}H)t which re^prtrsents the J)eacon. The periphery 
ot the scc^jx: is graduated in degrees, so the 
U/arin^AS c:iv. easily read. The length of the 
lir.o lL*t'.»r mines range. The dots and dashes, 
ivi'/ntify the trans{>onder. 

KAMAHK, designed primarily for mainne 
:<K.\ is a Ix'acon which transmits signals con- 
t,:^::ous!v. I liese signals when received, also 
apptM.r -i^i a radial line emanating from the 
cn-nter oi a scoix.* j^^aduated to {)ermit the reading 
()!* ; ^ ^wf,. The range can not l)e determined, 
tud ^hvic is no coding system for identification. 

'Ai)rd " r\c*AN'' is an abbreviation for 
'^tactical ai:* M;ivigation/' U, like radar, is a 
rangc-U-iring navigation system. Operating in 
the ultra hi^h frtaiucncy portion of the spectrum, 

r \*'A\ »iL"<i£^ned to [jrovide a continuous lx?ar- 
ing and distance to a groimd station. TACAN 
:7t.alu>'.-;S :ivv idcntifif^l by transmissions in In- 
ter!iati Jiiai Nfor-c Code at 35 second intervals, 

1 ACAN as a .-y-.tcrn is sujxn ior to earlier very 
hiuh irrqucnov Mm:u-directinnal range and dis- 
t.i:v e ria-a-Mnng t tjuipinent used in air naviga- 
:>ecauso more accurate anc) easier to 



TACAN is installed in military aircraft, and 
in some aircraft carriers as a homing device. 
It is oj)erated simply by turning on a power 
switch, selecting a station, and reading the range 
and bearing. Maximum range is 195 nautical 
miles, and thus it is a short-range system. 
TACAN has been accepted as the primary navi- 
gation aid for the Air Houte Traffic Control 
System. 

811. SHORAN 

"Shoran" is an abbreviaMon for "short range 
navigation" and makes use of the principle that 
radar ranges are more accurate than radar bear- 
ings. Signals from either a ship or aircraft 
trigger two fixed transmitters which send out 
signals simultaneously. The intersection of two 
circles of position on the receiving scope is re- 
presentative of the ship's position. These circles 
may be drawn on the chart using the transmitters 
as centers. Shoran, a circular close range 
navigation system, may give an accuracy as 
great as 25 feet but can accommodate only one 
ship or aircraft at a time and is limited in range 
by the curvature of the earth. 

812. SONAR 

"Sonar," an abbreviation for "Sound naviga- 
tion ranging," operates in principle as the fa- 
thometer or echo sounder as described in ai^t. 
306 except that it radiates a signal which is 
generally horizontal rather than vertical. Ac- 
curate ranges on underwater objects may be ob- 
tained, and inasmuch as the sonar transducer can 
\)e rotated, reasonably accurate bearings may also 
l)e obtained. Using such ranges and bearings, or 
ranges alone, piloting procedures as also appli- 
cable to radar are used. In fog or other reduced 
visibility, the sonar may provide the most ac- 
cui^ate and useful information, particularly if 
rock ledges are present. The sonar is also most 
helpful in detecting and avoiding ice ix^rgs. 

813. LOKAN 

"Loran," an abbreviation for "long range 
navigation," is a hyperbolic navigation system, 
developed in the Radiation LaJx)ratories at Mas- 
sachusetts Institute of Technology during World 
War II. It makes use of a cathode ray tuf)e and 
electronic circuits to measure the time difference 
t)otW(*en receipt of two signals traveling at the 
Sliced of light (about 186,281 miles ix?r second). 
Loran-A is standard loran. Another type* of loran, 
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loran-C, is described later in this chapter, In 
Contrast with radari loran is characterized by: 

(a) Having on board a ship or aircraft a 
receiver but not a transmitter (radar both trans- 
mits and receives). 

(b) Measuring the time difference in receipt 
of two signals instead of measuring the time re- 
quired for an outgoing signal to travel to a re- 
flecting surface and return, 

<c) Utilizing low frequencies (1750-1950 kHz 
in loran-A and 90-110 kHz in loran-C) while 
radar utilizes high frequencies. 

(d) Requiring ground stations to transmit sig- 
nals as pulse emissions, Radar requires no other 
station; it is complete in itself. 

814. THEORY OF LORAN-A OPERATION 

Loran-A operating stations (transmitting sta- 
tions) are organized in pairs called * 'station 
pairs, The station pair consists of a master or 
key station and a secondary station; the two sta- 
tions, on the average, are located 200 to 400 
miles apart. Each station sends out synchronized 
pulses at regular intervals and the receipt of 
signals from a station pair by a ship or an air- 
craft makes it possible to read the time difference. 
The ship's line of position, based upon one time 
difference reading, is a hyperbolic line since 
such a curve defines all points a constant differ- 
ence in distance from two fixes points (in this case 
from two transmitting stations). Time difference 
readings are measured in microseconds; a micro- 
second equals one millionth of a second, and is 
abbreviated "ms." 

The arc of a great circle which connects 
two stations of a.-station pair is the baseline. 
The perpendicular bisector of the baseline is 
the centerline, Extensions of the baseline are 
simply called baseline extensions. 



Station Special BPRR 
Pair Interval 

0 50,000 ms 

1 49,900 ms 

2 49,800 ms 

3 49,700 ms 



Loran-A equipment aboard ship consists of a 
receiver-indicator (fig, 8-2), The receiver picks 
up and amplifies a signal while the indicator 
provides a video presentation. The indicator also 
contains a timer by which the navigator can meas* 
ure the Interval in microseconds between times 
of receipt of pulse emissions from a given pair 
of stations. 

Station pairs are identified by frequency (chan- 
nel), basic pulse recurrence rate, and specific 
pulse recurrence rate. There are four channels 
expressed in kilo Hertz (khz), with frequencies 
as follows; 

Channel 1 1950 kHz. Channel 3 1900 kHz. 

Channel 2 1850 kHz, Channel 4 1750 kHz. 

There are three basic pulse recurrence rates 
associated with each channel: 

S— Special — 20 pulses per second with 50,000 
ms intervals 

L — Low— 25 pulses per second with 40,000 ms 
intervals. 

H — High— 33 1/3 pulses per second with 
30,000 ms intervals. 

The interval is the quotient when one million is 
divided by the number of pulses per second. 
There are eight station pairs, numbered from 
0 to 7, associated with each basic pulse recur- 
rence rate, each station pair having a specific 
pulse recurrence rate. In the case of station 
pair 0, the specific pulse recurrence rate equals 
the basic pulse recurrence rate. Other station 
pairs have a specific pulse recurrence rate 
less than the basic pulse recurrence rate and 
differing by a value equivalent to 100 ms times 
the station pair number. Examples of specific 
pulse recurrence rates are as follows: 



Low BPRR 


High BPRR 


Interval 


Interval 


40,000 ms 


30,000 ms 


39,900 ms 


29,900 ms 


39,800 mH 


29,800 ms 


39,700 ms 


29,700 ms 
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Figure 8-2. — Loran-A receiver-indicator. 



Station pairs are identified by number, a letter, 
and a numl^er such as which signifies 

channel 1, high basic pulse recurrence rate, and 
station pair No. 2 (specific pulse recurrence rate: 
29,800 ms intervals). 

The simplest receiverwould present electron?^ 
in a horizontal line with two pips a distance apart 
equal to the time difference. However, receiver 
scopes are designed having two trace?^, the upper 
or "A" trace and the lower or ''B" trace. The B 
trace is actually the right hand half of a single 
trace presentation. By moving the pip on the I wor 
trace, which is a signal from a seconiary fetation, 
until it is directly beneath the signal from the 
mister station on the A trace, we measure the 
time difference in microseconds. 



In actual owration of the transmitting stations, 
three delays are introduced at the secondary sta- 
tion called (I) baseline delay, (2) half pulse 
recurren-io rate delay, and (3) coding delay. The 
master .ation initiates a pulse which travels all 
direction.- (including along the baseline). This 
pulse, ufKjn arrival at the secondary station, 
triggt?rs the secondary transmitter. The delay 
thus introduced, the baseline delay, depends upon 
the S{)eed of radio waves (speed of light) and the 
distance traveUMl, and is equal to the product of 
6, IS ms and the length of the baseline in nautical 
miles; it insures that the master station signal 
will be received first. I'pon receipt of a master 
signal \>y \hv .-oi*oiHtary station, the half pulse 
re^currcnct' r:itc delay is intrcxiuced, which Is 
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the specific pulse recurrence rate interval in 
microseconds divided by two. This insiu-es that 
one signal will appear on each trace, since the 
right half of the actual trace is underneath the 
left half and each half is equal to half the pulse 
recurrence rate. Last of all, the coding delay 
(950-1000 ms) is introduced; this provides a mini- 
mum reading and insures the operator of Ixjing 
able to determine which pip is to the right on th<- 
scope. The coding delay also provides security 
to the system in wartime, as it may »je used to 
restrict the successful use of our lorar. sta- 
tions. 

To illustrate the relationship between the time 
difference reading and the observer's position, 
it inny be helpful to examine the method by which 
a tinuj difference reading can be predicted if the 
ship's position is known. In this example, the 
master station is 350 miles from the secondary 
station. The ship is located 400 miles from the 
master station and 200 miles from the secondary 
sLition. The coding delay is 1000 ms. The signal 
Will travel from the master station to the ship 
in 3 rme interval equal to 400 miles x 6.18 ms 
p-»- mile or 2472 ms. At the same time, the 
same signal will travel along the baseline 
to the secondary station. The period of time 
which elapses during the travel of a pulse 
to the secondary station is dependent upon 
the length of the baseline and in this case is equal 
to 350 miles x 6.18 ms per mile or 2163 ms. 
I pon the arrival of the master station pulse at 
ibv secondary station, the secondary station is 
.'lotuated, but before transmitting, it introduces 
first the half pulse recurrence rate delay and 
secondly the coding delay. It is not necessary 
that we know the value of the half pulse recurrence 
rate delay t>ecause our scope is so constructed 
that the half pulse recurrence rate delay does 
nof enter into the measurement. Since the trace 
if: divided into an A trace and a B trace, and 
•aiee thf lower pip is moved underneath the 
r nip, the chief separation or half pulse 
rt'.'urrence rate delay cancels itself out. The 
io'-^vr pin i? not moved as far as would t)e 
n'.c--^>ary if the scoix} contained a single trace, 
arvd this ••.i!'=tance which it does not travel is the 
hi!:' p:;!<;e recurrence rate delay which ensures 
V. if - f.-- ill;) u-i!i a,.{x?ar on each trace-. The cfKiirig 
i ;< liMiQ ms and this value aih vy. measured 
*r. V:>- !<.r:!r. rr-rviver. At the end of coding delav, 
tht; ■■>:': ':■ ' -station will transmit, and the time 
i- y -'- ' "i the receipt of thi-^ transmission is 
• ■ - x 6.1^ ms per mile or 1^3G ms. Addmg 
-. .5 (•)ase!i.',e delay), inon nis (cxJing delav), 



and 123C ms (time of travel of signal from .^u'Oinid- 
ary station to ship), the sum is 4399 ms. Sub- 
tracting 2472 ms from 4399 ms we find the pre- 
dicted time difference to fx; 1927 nu, which Idunti- 
fies a hy|)erUjlic line of |Jo.>3ilion. 

Sometimes a muster station will l)e Ux-att^ 
fxnween two secondary stations and will transmit 
on two frequencies or recurrence rates in orUer 
to key (control) two secondiu'y stations. Thi.^ is 
called "double pulsing." 

Th" accuracy of loran-A dejiends upon a ship's 
position with resfject to the baseline. On the liase- 
line, the greatest accuracy is e.\|jerienced, as one 
microsecond may represent only 250 yards. Pro- 
ceeding away from the baseline along "the center- 
line, accuracy gradually decreases. Along the 
baseline extension, one microsecond niav repre- 
sent a.s mu.\h as 10 miles, and a fix obtained in 
this area may \xi inaccurate. If one microsecond 
represents more than 2 nautical miles, the loran 
can not \x expected to give satisfactory results in 
navigation. 

Two types of waves ai'e used in loran-A, 
ground waves and sky waves. Ground waves 
are those which travel directly from the trans- 
mitting station to the ship and have a maximum 
range limitation under average conditions of 700 
miles. Sky waves reflect from the ionosphere 
(ionized layers of atmosphere) and arrive after 
giound waves because of the greater distance 
traveled. For identification, the first sky wav(> 
reflected from the "i:" layer of the ionosi)here 
is known as the "one hop K," and the second 
as the "two hop K." The first sky wave to Ix.- 
renected from the "F" layer accordingly i.s the 
"one hop F" and the second is the "two hop 1-'." 
Sky waves have range limitations normally of 
500 to 14U0 miles. Five hundred and seven hundred 
miles mai-k the lower and upper Ijoundaries of 
the critical range, inside of which wave identi- 
fication is necessary. In matching pips, a ground 
wave from the secondary station is matehed to 
the ground wave from the master station or ;i 
first sky wave is matched to a fir.^^t sky wave. 
Only "one hop K" sky waves are used. .Stvond 
sky waves are not dei)endable, and sky waves 
art not matched with ground waves. .Soe fie- 
8-3. 

815. LOHAN-A INTKH FFHFXCK 

Loran-A interference differs Ironi most other 
interference in that it is visual, rather than 
audible as in the case of radi(j .md -on.ir. A(- 
m--)spheric interference makes the flow of i-lee- 
trons uneven on the scojx'; this interterc>riee is 
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GROUND V\AVt FIRST SKY WAVE SECOND SKY WAVE 
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Figure 8-3. — Scope appearance of waves. 



descriptively called ''grnss." Radai* transmis- 
sions apix?ar as evenly npaceci pips on a lor an 
trace; electrical influenoes and code sendingalso 
produce visual interference. Fortunately, most 
interference does not impair scope reading. 

Additional signal? l^aiown as spillover and 
ghost pulses may interiore, Spillover is the term 
used to describe signals received from adjacent 
frequencies; since bomf* channels are only sepa- 
rated by 50 kHz, it isasposs .le to receive sigrals 
fiom two stations on a L:'>^'an receiver as on 
a radio receiver. If a su a^i is suspected *o be 
spillover, the set should tx* ^ned to an adjacent 
channel or frequency, If it is spillover, the signal 
will come in stronger; if not it will fade, Gnost 
pulses may be received from an adjacent basic 
recurrence rate. Cihost pulses are characterized 
by their instability. 

When a ioran-A station is out of synchro- 
nization the signals either appear and disappear 
or app*.'ar to shift to the right about 1000 ms then 
back, at intervals of :^pproximately 1 second. 
Such blinking action warns the operator not to 
take readings. When the stations are again 
synchronized, wl.ich usually requirer^ not more 
than a minute, blinking cea.ses. 

bl6. AI)\-ANTACli:s AM) LIMITATIONS OK 
•i.AN-A 

The advantages of loran-A include the fol- 
lowing: 

(a) SiK*edy fiKt*s (1-5 niiinites). 

(b) Kapidly trained operators (4 days at fleet 
schools). 

,c) Weather di)cs not affect reliability of 
oiK'ration. 

(d) :24 hour st»rviet\ 

(e) Long range (I4()l) miles). 



(f) Land does not reduce accuracy (of par- 
ticular interest to air navigators). 

(g) Fix is independent of accurate time. 

(h) Homing is convenient. 

(i) Itadio silence is maintained, 
(j) Jamming is difficult, 

(k) Possible wartime secui'ity. 

Disadvantages or limitations include; 

(a) Possible mechanical or electrical failure. 

(b) Restricted coverage (lack of sites for 
transmitter stations, the expense of stations, and 
the need for agreements with foreign states), 

(c) Identification of signals not always re- 
liable. 

817. LOHAN-A CHAKTC 

Either loran-A charts (fig, 8-4), which are 
nautical charts over-printed with loran informa- 
tion, or loran-A tables (li.O. Pub. 221) may be 
used for cc^verti^g loran-A readings into LOP's 
and fixes. Loran-A charts as normally available 
of'cr a rapid means, and have been made for 
those ai*eas where loran-A signals are available* 

Loran-A chax'ts show hyperbolic lines of posi- 
tion usually for each 20 ms of time difference 
on largt scale charts and for each 100 ms of 
time difference on small scale charts. The lines 
emanating from different station pairs are identi- 
fied by their color as well as by a label of 
rate and ms time difference along each such 
hyperbolic line. 

Charted hyix}rl;olic lines are for ground wave 
tinne differences; if first sky waves are matched, 
then the time difference obtained must b(J correct- 
ed so as to l)e comparable to ground wave time 
differences. Corrections are found at the inter- 
sections of meridians and parallels and are 
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Figure 8-4, — A portion of a loran chart. 



printed the same color as the rate to which they 
apply. Kye interpolation nia> Ix? aecessary to 
determine tho sky wave correction, when the posi- 
tion of the ship is Ix^tween tabulated values. 
When obtained » corrections are added or sub- 
tracted according to r,ign. 

When plotting a loran-A fix, select two hyper- 
bolic lines in the vicinity of the DK position 
between the values of which the actual time 
difference reading of a station pair lies. Using 
eye interpolation and a straightedge, draw a short 
line lafx?ling it with the time above and the sta- 
tion pair numfx^r and ms time difference Ix^low. 
This is a loran-A line of [K.sition. Hy plotting 
^vo or mi^re sueh I,(.)P's (a ^sunling they are 
obtained in rapid succession) a fix is obtained 
which is rep^e^5ented by a small circ^lo and the 
time in four digitvS folk^wi.Hi by the word "fix." 
If the LOP's are not obtained in rapid su(?ct*ssic)n. 



then they should be advanced or retarded to a 
common time using procedures described in the 
study of the running fix. If the charted hyperlK)lic 
lines are fai' apart, a self-explanatory linear 
interpolater appearing on loran charts may be 
used to increase the accuracy and lessen the 
difficulty of interpolation. 

The accuracy of a loran-A fix depends u\K>n 
the angle of intersection of LOP's, the position 
with respect to tlie transmitting stations, the 
synchronization of the station pair, and the opera- 
tor's skill in identifying and matching signals. 

818. LORAN-A OPERATION 

The steps in taking and using a lorun-.\ read- 
ing in the AN/liPN-12 and similar sets, are 
normally as follows: 

(a) iJetermin'^ from the approximati* position 
of the ship, the transmitting station pairs whic4i 
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serve the ship's position,and the type of signals 
expected from these transmitting station pairs. 

(b) Turn on the receiving set by setting the 
power switch to the "standby" position* 

(c) Allow a warm-up of at least one (1) minute 
before switching to "power-on/' Turn the power 
switch to "power on" position. 

(d) Refer to the Loran-A Charts of the ap- 
proximate geographical location of the ship. Set 
the "pulse recurrence rate" (PRR ind "channel" 
to correspond to a loran-A transmitting station 
pair determined in Step 1, Set "sweep function" 
switch to one, the AFC sv "-'h to "off" and tiie 
"time difference" counter u approximately 11,000 
with "delay" crank. 

(e) Adjust the "gain" and "bal" controls to 
equalize signal heights. Set "Local-dist" switch 
to D, I, or L, dependent upon which position will 
obtain best operating conditions • 

(f) Use "drift," "gain," "bal," and "L-R" 
controls to locate the desired signals, then turn 
the "drift" control to a point where the signals 
are locked in on the indicator screen. ReadjUvSt 
the "gain" and "bal" controls so that signals 
are of convenient operating amplitude. 

(g) Determine gx^ound and sky-wave compo- 
nents of the signals and decide whether ground 
or sky-wave matching is to be used. 

(h) Use the "L-R" switch to position the 
upper (master) pulse selected for matching at 
the leading (left) edge of the upper pedestal. 

(i) Set the "AFC" switch to the "on" posi- 
tion. Unless noise pulses cause pulse jitter, 
leave the "AFC" swit h in this position for the 



remainder of the following procedures and leave 
the "antijam" switch in the "out" position. 
If heavy interference is encountered, leave the 
"AFC" switch off and set "antijam" switch to 
the "in" position, 

(j) Use the "delay" crank in the "coarse" 
position to place the leading edge of the lower 
pedestal under the lower (secondary) pulse which 
corresponds to the selected master pulse. 

(k) Set the "sweep function" switch to posi* 
tion 2. 

(1) With the "delay" crank in the "fine" 
position, align the two selected pulses vertically. 

(m) Set the "sweep function" switch to posi- 
tion 3. 

(n) Match the two pulses, using the "delay" 
crank (in the "fine" position) "gain" and "bal" 
controls. (See fig, 8-5.) 

(o) Record the "time difference" counter- 
reading. 

(p) Repeat steps d through o, setting the 
"PRR" and "channel" switches to the pulse 
recurrence rate and channel corresponding to the 
others of the loran-A transmitting pairs. 

(q) Apply necessary corrections to the "dif- 
ference" readings, referring to Loran-A naviga- 
tion tables or charts. Take into account the time 
of day at which readings were taken, whether 
received signals were stronger weak, and whether 
ground or sky waves were used to match signals. 
Plot lines of position. 

(r) Obtain loran-A fix, considering the rela- 
tive accuracy of the various lines of position 
which depend, among other things, on the spacing 
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of the lines of position in the geographical area 
of the ship. 

(s) Compare the loran-A fix with other navi- 
gational information, and make the necessary 
record entries of the exact location of the ship, 

(t) Turn the ''power'' switch to the "stand- 
by'* cr "off" position, 

819, LORAN-C 

Loran-C is a pulsed, hyperbolic, long-range 
navigation system, operating on a radio frequency 
of 90-110 kHz, It was developed for greater 
range and accuracy, and first became opera- 
tional in 1957, Because of its lower frequency, 
and greater baseline distance (500 to 700 miles 
as compared to 200 to 400 miles in Loran-A), 
reasonable accuracy to 1200 nautical miles for 
ground waves and 3000 nautical miles for sky 
waves can be attained, Basic principles of opera- 
tion are similar to those which apply to Loran-A, 
however, greater convenience of operation is 
provided, 

A Loran-C network consists of one master 
and two or more secondary stations, As in 
Loran-A, the signal from the master activates 
each secondary station. Network arrangements 
include (a) the triad, with a master between two 
secondaries; (b) the star or '*Y" formation with 
a master positioned between three secondaries; 
and (c) the square. It should also be noted that 
a master station may serve as a secondary sta- 
tion in another network, Loran-C uses a multi- 
pulsed transmission with eight pulses each 1000 
ms, except for signals from the master station, 
which include a ninth pulse for identification, 
Pulses are phase-coded, which protects against 
interference from outside sources and reduces 
the contamination of ground waves by sky waves, 
Loran-C receivers are specially designed; how- 
ever, the system is sufficiently compatible with 
Loran-A that receivers in the latter system can 
be modified for Loran-C use, except for 12 speci- 
fic pulse recurrence rates, but with less accuracy. 
Phase measurement, which is helpful in station 
identification and in discrimination between 
ground waves and sky waves, as well as most 
other operations with Loran-C receivers, is 
automatic; read-outs ai^e direct. The constant 
time difference obtained from the reading on 
one station pair, as in Loran-A, prcn'ides a hy- 
I)erbolic line of position, 

A major difference JxJtween system.- is that 
in Loran-C, all stations share the same radio 



frequency (HF) channel. There are six basic 
pulse recurrence rates as follows: 

H 33 1/2 pulses/second 

L 25 pulses/second 

S 20 pulses/second 

SH 16 2/3 pulses/second 

SL 12 1/2 pulses/second 

SS 10 pulses/second 

Associated with each basic pulse recurrence rate 
are eight specific pulse recurrence rates. As in 
Loran-A, specific pulse recurrence rates are 
separated from the basic pulse recurrence rate 
by multiples of 100 ms. Station type designators 
consist of one or more letters to indicate the 
basic pulse recurrence rate (H, L, S, SH, SL, 
orSS)p a numl^er (0-7) to indicate the specific 
pulse recurrence rate, and letters such as X 
or Y to indicate a particular secondary station. 

Ground wave coverage is a function of pro- 
pagation strength, and the strength of signal to 
noise ratio. Ground waves may extend as far as 
2000 nautical miles and are normally reliable to 
1200 nautical miles for 300 KW pulse power. 
First hop-E sky waves extend out to 2300 miles, 
and second hop-E sky waves may reach out to 
3400 miles. To be sufficiently stable for use, 
complete darkness is usually necessary for re- 
ceipt of second hop-E sky waves. Accuracy of 
Loran-C pulse transmissions, as made possible 
by phase comparison and longer baselines, de- 
pends upon atmospheric conditions, noise and in- 
terference. Ground waves are normally accurate 
to 0.1 percent of the distance traveled, Sky wave 
accuracy is usually to 3 to 5 miles. 

Plotting procedures in Loran-A and Loran-C 
are similai\ A single obse^rvation provides read- 
ings which establish lines of positions for all 
pairs within a network. For maximun accuracy, 
Loran-C tables (H.O. Pub. 221 series) may be 
used. In those circumstances in which mcxiified 
Loran-A equipment is used, because of elapsed 
time l>et\\'een readings, it may be advisable to 
advance or retard certain LOPs using running 
fix procedures, 

Loran-C provides for (a) electronic naviga- 
tion; (b) systemized long-range timt? distribution: 
(c) i\mv. standardization Ix^tween widely separated 
receiving locations; and (d) the study of electro- 
magnetic wave propagation, 

820, DECCA 

Decca is a low frequenc\v British hyperbulie 
radio navigation system first used in Uorld 
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11 to guidt» allied forces to the Normandy 
iRMches. It is highly acciu'ate and reliable, and 
like other eleotronio systems, its oix,»ration, 
although slightly affected by atmospheric condi- 
tions, is not precluded by low visibility. In this 
svstem, chains are established, with each chain 
consisiing of one master and three secondary 
stations. Preferably, tlie secondary stations ai'e 
eciually spaced on a circle witli a radius of 70 
to .^0 miles and with the ma^^rer station at the 
center^ Uecea o{x» rates in the 7U to 130 kHz band. 

Secondary stations are identified by the colors 
purple, red, and gruun. These, and the master, 
transmit a continuous wave at different frequen- 
cies. A hy{xn*bolic line of jK)sition is determined 
by the phase relationship of a secondary signal 
as compared with the signal of the master. Two 
seci>ndaries and a master provide readings from 
which a fix can Ix) obtained, The third secondary 
in a cliain serves a::' a check. Kixes are plotted 



on Decca eliai'ts showing liyi.K»rbulic lines in color 
corresponding to that of tlie associated secondary 
station, The Decca receiver consists of foui' radio 
receivers, ofie for eacli frecjuency. Hy the reading 
of dials called Uecomelers, the necessary infor- 
mation for plotting a fix is obtained. 

Hecca coverage is available over most of 
Western Eui'ojx:*, in parts of the Indian Ocean 
including the Persian Oulf, along the coasts of 
Kastern Canada and the Northeastern L'nited 
States, and along the coast of SoatherriCalifornia. 
Its reliable o|X*rational range, accurate to about 
150 yards in daytime and 800 yards at night, is 
approximitely 250 miles. Uucca receivers may Ix* 
carried in aircraft as well as ships, 

l'nited States and Canadian riglits totheDjcca 
system are held by the Paeific Division of iiendix 
Aviation Corjxjration, winch also piHKiuces a long- 
range com;)anion of Ducca called Dc-etra, I'seful 
to both ships and aircraft, Dtrtra primarily 
serves transatlantic aviation. 
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90L GENERAL 

Electronic navigation, essentially an extension 
of piloting, has been characterized since 1950 
by a proliferation of systems. Basic electronic 
navigation devices^ as developed and earlier ac- 
cepted for general use, were described in Chapter 
8. This chapter, while not addressing all of the 
many new devices and systems in use today, pro- 
vides basic descriptive data for the newer and 
more sophisticated systems in use. 

One method of classification of electronic 
navigation systems, based upon the form of the 
line of position or fix obtained, includes five 
types or categories as follows: 

(a) Hyperbolic — Loran and Decca, and as de- 
scribed in this chapter, Omega and some types of 
Raydist. 

(b) Circular —Shor an, and Raydist, 

(c) Azimuthal — Radio direction finder, and as 
described herein, Consol and Consolan. 

(d) Range-bearing — Radar and Tacan. This 
includes "Ratan/* a limited form of radar navi- 
gation described in this chapter. 

(e) Motion sensing ~ As described herein. 
Satellite Navigation (NAVSAT), Inertial Naviga- 
tion, and Acoustic Doppler. 

A second and equally as valid a method of 
classification is based upon range, as follows: 

(a) Short-range — Radar (including Ratan) and 
Shor an, 

(b) Mid-range — Raydist> 

(c) Long-range — Radio direction finder, 
Decca, and Loran, and as described in this chap- 
ter, Consol, Consolan, Omega, Satellite Naviga- 
tion (NAVSAT), Inertial Navigation and Acoustic 
Doppler. 



902. RATAN 

Currently undergoing consideration and in 
limited use is the Radar Television Aid to Navi- 
gation, called RATAN, It is simply an extension 
or a refinement to radar navigation making use 
of shore stations, high-definition radar, and UHF 
television equipment, , to transmit a radar image. 
The receiver, an inex^Densive transistorized tele- 
vision receiver, provides a display of the shore 
line, channel buoys, lighthouses, other markers, 
and moving ship traffic. Whereas radar shows a 
ship as the focal point on a radar scope, RATAN 
presents a fixed background with the ship moving 
within the pattern. An added feature is a scan 
coverter which stores the radar image and identi- 
fies moving objects on the screen. Movingvessels 
are identified on the scope by their '^fading tails, 
an indication of relative movement, 

RATAN is important because it is an all-wea- 
ther navigation device and inexpensive, but has the 
disadvantage of being dependent upon a transmit- 
ting station ashore. Furthermore, onboard recep- 
tion has been poor, and needed frequencies have 
not yet been allocated. Assuming that reception 
can be improved and frequencies allocated, it is 
being considered as a possible adjunct to Marine 
Traffic System Installations. 

903. RAYDIST 

Raydist, through precisetrackingofCW trans- 
mitters, is useful in navigation, surveying, and 
other position plotting. It is used extensively by 
the National Ocean Sui^vey, commercial organiza- 
tions such as those engaged in offshore oil ex- 
ploration, and foreign governments . An early form 
of Raydist, Type K was used for tracking the 
first I'.S. satellites. 

Raydist is considered here as a nr'd-range 
navigation system. It employs radio distance 
measuring to produee either ciroular or hype> 
bolic lines of position; however, tyi)es of Rayc 
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earlier used to produce the latter are now gradu- 
ally being replaced by circular distance meas<- 
uring farms which are non-saturable and have 
greater potential for accuracy. An example of 
the newer form is the Type N. 

In operation, Raydist requires two CW trans- 
mitters on a baseline, with a separation of as 
much as 100 miles. Operating frequencies are *n 
the 1.6 to 5 mHz range, permitting effecti\e 
transmission beyond line of sight range, Depend- 
ing upon power, ranges up to 200 miles may be 
reached. Stations differ by about 400 cycles per 
second, which permits phase comparison at other 
locations. An accuracy of one to three meters 
may be achieved. 

Kaydist equipment, including the transmitters, 
is generally small, compact, and light in weight. 
The equipment is fully automatic, providing a 
direct reading of phase comparison. 

904. LOUAN-D 

This is a low-frequency, pulsed-type, semi- 
mobile, hyi)erlx)lic, navigation system. Being 
transportable, it can be moved to new areas and 
used as needed. The frequency range, as in 
Loran-C, is 90 to 110 kHz and signal charac- 
teristics are similar except that Loran-D uses 
groups of 16 pulses, repeated each 500 micro- 
seconds. The system is (a) highly accurate over 
a range of 500 miles using ground waves; (b) 
quite resistant to electronic jamming; (c) rela- 
tively mobile: and (d) equally useful in surface 
vessels and high speed aircraft. 

905. CONSOL 

Consol is a long-range, azimuthal. radionavi- 
gation aid. It was developed and used by the Ger- 
mans (and known as SONNE) during World War II. 
It was later improved by the British. Asa system, 
it Can Ix? considered as an improved version of 
the radio direction finder (RDF). An observer, 
using an o dinary receiver, interprets a pattern, 
and through either RDF or dead reckoning infor- 
mation, dett^rmines his sector of the pattern. 
Lines of position, with much greater accui'acy 
than obtainable with RD/, are plotted on special 
charts. Maximum ranges reach 500 to 1400 
nautical miles, generally with an LOP accuracy 
of a fraction of one degree. Minimum range is 
25 to 50 nautical miles. It operates in a frequency 
range of 250 to 350 kHz. 

Cousol IS highly reliable ^^eeause of the sim- 
plicity ot equipment. Consol transmitters, situ- 
ated at con^oI shore stations, feed three antennas 



with energy of the proper phase and amplitude, 
thus generating the field pattern. The receiver 
is equipped with an omnidirectional antemia. 
Consol stations are located in Western Eiurope, 
ranging from southern ^ain to the Soviet Arctic* 

906. CONSOLAN 

Consolan is an American version of Consol, 
and accordingly is a long-range, azimuthal navi- 
gation system. In contrast with Consol, Consolan 
uses two transmitting antennas rather than three. 
Consolan increases coverage by using higher 
power levels and lower frequencies (190 to 194 
kHz). The pattern generated is the same as that 
provided by Consol. Special charts and tables are 
provided for use with Consolan, by the U.S. Naval 
Oceanographic Office. U.S. Consolan stations are 
located in San Francisco and Nantucket. 

907. OMEGA 

A new electronic, hyperbolic, navigational 
system, similar to Loran, is Omega. It is a long 
range, pulsed, phase-difference, very low fre- 
quency (VLF) system, operating on a frequency 
of 10 to U kHz. It is a worldwide, all-weather 
system, of use to ships, aircraft, and submarines, 
including submarines submerged. Its accuracy is 
about one mile during the day and two miles 
during the night. Phase difference measurements 
are made on continuous wave (CW) radio trans- 
missions. Like Loran, shore transmitting stations 
are used. Theoretically, six such scations are 
required for worldwide coverage; however, two 
additional stations are required to provide a de- 
gree of redundancy necessary to accommodate 
station repair. 

In the Omega system, the phase-difference 
measurement of a 10.2 kHz signal transmitted 
from two stations provides a hyperbolic line of 
position. At least one additional phase-difference 
measurement is required to establish a fix, and 
two or more are desirable. Unlike other hyper- 
lx)Iic navigation systems, any two stations from 
which signals can be received may be paired to 
produce a line of position. Special charts are 
provided by the U.S. Naval Oceanographic Office 
for Omega plotting. 

Since the wavelength of a 10.2 kHz signal is 
approximately 16 miles, and phase readings re- 
peat themselves twice within this distance (see 
figure 9-1), lanes eight miles in width are estab - 
lished. Thus each lane or band is the equivalent 
in distance of one half of a wave length. The 
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Figure 9-1, — 1.2 kHz phase-difference measurement. 



actual phase-difference reading establishes the 
line of position within the lane. 

To avoid ambiguity in lane identification, 
Omega stations transmit also on 13.6 kHz, a 
frequency having a wave length exactly one third 
shorter than 10.2 kHz, Every fourth contour of 
this frequency coincides with every third contour 
on 10,2 kHz, and thus one broad lane matches 
three narrow lanes obtained on the 10.2 frequency. 

All Omega stations transmit on the same dual 
frequencies, at different times. Eight stations 
share a ten second time interval. The receiver 
(see figure " identifies each station by its 
place in the equence and by the precise time 
duration of its signal. 

Long base lines of approximately 5000 nautical 
miles and sometimes as much as 6000 miles, 
are used. The systen* is serviceable to about 
6000 miles. For greater accuracy of position, 
the navigator should consider the geometrical 
relationship and select station pairs yielding 
lines of position which will cross at angles of 
60 to 90 degrees. 

A technique known as differential Omt^ga has 
been established to att^'in greater accuracy in a 
particular area. Two or more receivers are com- 
pared and the distance between them determined 



from the difference in tneir readings. For ex- 
ample, one may be located at a known position 
ashore and its reading continuously broadcast, 
for compi^Tison with readings obtained by vessels 
nearby. In this manner, long distance propagation 
errors can be generally eliminated. 

Omega was developed in the early 1960 's by 
the U.S. Navy for use throughout the Defense 
Establishment and commercially. It is simple 
for the user to operate, accurate, and provides 
worldwide coverage. At some future time it is 
possible that Omega will replace Lor an. 

903. SATELLITE NAVIGATION (NAVSAT) 

As Project Transit, the U.S. Navy developt^d 
a Navy Navigation Satellite System at the .Applied 
Physics Laboratory of the John Hopkins Univer- 
sity. In use since 1964, the system now known as 
'*N.\VSAT'' provides for accurate, all weather, 
world-wide navigation of surface ships, subma- 
rines, and aircraft. The accuracy is exceptional, 
the navigational error normally nut exceeding 2t)0 
yards. Although NAVS.\T was devL»lo{)cd iriUially 
for naval use, it has ^x.»en available to coninu^ix-ial 
shipping since 1968. 
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120.48 

Figure 9-2, — AN/SRN-I2 Omega Shipboard Navigation Receiver. 



The operation of NA\'SAT involves a phenom- 
enon known as Doppler shift, which in radio waves 
is the apparent change in frequency when the 
distance between transmitter and receiver 
changes. Dependent upon relative motion, Doppler 
shift is proportionaltothe velocity of an approach- 
ing or receding NAVSAT satellite. With the ap- 
proach, the frequency shifts upward: accordingly, 
with a satellite in recession, the frequency shifts 
downward. The Hoppler shift actually experienced 
dejKMids upon the position of the receiver witn 
respect to the path of a transmitting satellite. 

Components of the NA\'SAT system include one 
or more satellites, ground tracking stations, a 
computing center, an injection station, accurate 
Greenwich mean or Universal time from the Naval 
Observatory, and the shipboard receiver and com- 
puter • 

Each NA\'SAT satellite travels in a polar orbit, 
at an altitude of approximately 600 nautical miles, 
circling the earth once each 105 minutes. The 
orbital planes of the satellites, while essentially 
fixed in space, intersect the earth's axi.^ and 
make the satellites appear to i)e traversing the 
longitudinal nu.audians as the earth turns Ix^neath 



them. The orbital planes are separated by ap- 
proximately 45'' of longitude. Only one satellite 
need be used to establish a position. Each satellite 
continuously broadcasts data giving the fixed and 
variable parameters which describe its own orbit, 
together with a time reference. Periodically, 
approximately every 12 hours, a ground injection 
station broadcasts to each satellite, updating the 
data stored and enabling the satellite to broad- 
cast current information. This updating informa- 
tion passed by an injection station is obtained 
from a computing center at Point Mugu, Cali- 
fornia which receives orbital inputs from a 
gi^ound tracking station, and time from the Naval 
Observatory, ?ee figure 9-3. 

Because of the effect of the ionosphere upon 
radio waves, N.W'SAT satellites use two ultra 
high broadcast frequencies, 150 and 400 mHz. 
As each frequency is differently affected by the 
ionosphere, Doppler signals received can Ixj 
compared and the effect determined. Allowance is 
then made in position calculations for the iono- 
spheric effect. 

Unlike a planet in space, which travels in an 
elliptical orbit in acc^ordance with Newton's laws 
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of motion (see Appendix B), a NAVSAT satellite 
operating at an approximate altitude of 600 nau- 
tical niiles is affected by the shape of the earth 
and its irregular gravitational field. Since it is 
not operating in a complete vacuum, the satellite 
experiences some atmospheric drag. It is also 
affected by the gravitational attraction of the 
sun and moon, charged particles in . pace, and 
the earth's magnetic field. These disturbances 
to the Keplerian orbit are predictable and can be 
computer programmed. 

Four satellite tracking stations monitor the 
Doppler signal of the satellites as a function of 
time. The Naval Observatory monitors the sat- 
ellite time signal. Compai'ison information is 
passed to the computing center, NAVSAT users 
receive operational information of the satellites 
or ••birds'* through messages from the U.S. 
Naval Astronautics Group, Point Mugu, Cali- 
fornia. 

Shipboard equipment consists of a receiver, a 
computer, and a tape read-out unit. The ship's 
estimated position and speed are required as 
local inputs to the shipboard equipment. The 
estimated position need not accurate; however, 
accuracy of the speed input is essential. An 
inaccuracy of one knot in ship^s speed may cause 
an error of 0.25 miles in a NAVSAT fix. Speed 
errors with a mainly north-south component 
cause a greater position error than speed errors 
largely with an east-west component. The ship- 
board equipment is quite sophisticated and re- 
quires expert niaintenance. 

A NAVSAT fix can obtamed when a passing 
satellite's observed mjiximum altitude is between 
10° and TO*^. NA\'SAT is most convenient to use 
inasmuch as the tape readout unit provides the 
latitude and longitude of the ship's position in 
typewritten form. In addition to l)eing a conven- 
ient, all-weather system. NAVSAT has proved to 
be extreme ly accurate and reliable. 

909. INKH TIAL NAVKiATION 

Inertial navigation is essi*ntially an improved 
form of doad rt^^koning in which velocity and 
position aru de^turniiiiod through relatively ac- 
curate sensing of acct'leratioii and direction. 
Inertial systems, used for long range navigation, 
are completely self contaiiu»d. require no shore 
support, and arc indeixMident of woather. 

The first known application of iticrtial naviga- 
tion was in the guidance system of German \'-2 
rockets. i''ollowing \VorKi War II. the United 



States continued the development of inertial sys- 
tems, with the first satisfactory system appearing 
in the early 1950's, U,S, models were first de- 
veloped for use in aircraft, later were used in 
ballistic missiles and spacecraft, then widely 
used in Polaris submarines, and finally were 
accepted for general use in surface ships and 
attack submarines. The system used in the U.S. 
Navy is called the Ship's Inertial Navigation 
System (SINS), an early model of which was 
designed by the Massachusetts Institute of Tech- 
nology and was installed by the Sperry Gyroscope 
Division of Sperry Rand Corporation in USS 
COMPASS ISLAND in 1956. 

The inertial navigator through instrumentation 
measures the total acceleration vector of a 
vehicle in a gyroscope stabilized coordinate sys- 
tem. Integrating acceleration with time, and ap- 
plying the computed components to initial veloc- 
cities, makes it possible to determine actual 
velocity components and distances traveled. As 
in other forms of dead reckoning, any error, 
small though it may be, will with time contri- 
bute to a position error, Accordingly, using the 
systems approach, the position data i? not only 
subjected to internal monitoring, but it is peri- 
odically corrected, based upon tiavigational in- 
formation from external sources. For example, 
SINS can be associated with NAVSAT, sharing in 
some instances a SINS general purpose computer; 
the inertial position can be updated based upon 
satellite information. 

The basic sensors used in inertial navigation 
are gyroscopes and accelerometers. Three gyro- 
scopes are normally mounted on a platform as 
follows: 

(a) Gyro *'x** with its spin axis aligned in a 
North-South direction; 

(b) Gyro ''y'' with its spin axis aligned in an 
East^VVest direction; 

(c) Gyro "z" with its spin axis perpendiculax' 
to the "x'^ and "y*' gyros. 



The purfXDses of ihe '*x*' and *'y** gyros are to 
sense roll and pitch oi thu iship, and through the 
use of torqueing motors, to keep the platform 
perpendicular to a linu passing from thu center 
of the platform to the center of the e;irth. The 
purpose of the gyro is to ji^upply heading. 

Thus the gyroscoi)c\^ provide a stable platform 
and a direction reference. 
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Two accelerometers aru used to establish 
acceleration in the North-South and the East- 
West directions. The accelerations and deceler- 
ations sensed by accelerometers are algebra- 
ically added to the speed stored in the com- 
puter, thereby continually updating the ship's 
speed. Such Inputs in N-S and E-W components, 
are resolved by computor into actual or true 
speed. True speed and heading are continually 
used to update the ship's position, giving read- 
outs in latitude and longitude. 

Since the force of gravity can be interpreted 
as an acceleration by the accelerometers, it is 
vital that the accelerometer platform be kept in 
the proper plane and that unusual gravitational 
anomalies, such as unusually lai^^'e vertical land 
masses, be noted and comj^ensated. 

Advances in computer technology have made 
it possible to make quite complicated mathemati- 
cal calculations which are essential to inertial 
navigation. Sophisticated instrumentation meas- 
ures the progress of a vessel in a spatial di- 
rection. By mechanization of Newtonian Laws 
of Motion, this complex system can provide 
position coordinates and other related informa- 
tion. For example, SINS provides a continuous 
read-out of latitude, longitude, and ship's heading. 
For stabilization purposes, it provides data on 
roll, pitch, and velocity. It provides information 
on ship's motion to NAVSAT; without SINS, in- 
puts for course and speed must be given to the 
NAVSAT computer by the gyrocompass and log 
respectively. Currently, various inertial systems 
are coming into use to meet expanding naviga- 
tional and other guidance requirements. 

910. ACOUSTIC DOPPLEK NAVIGATION 

Acoustic Doppler, or Doppler sonar, is a 
relatively new development. It provides a new 
form of motion sensor, making it possible to 
measure (a) speed with respect to the bottom: 
(b) distance traveled; and (c) drift angle, which 
when aaded to true heading provides the true 
course made good over the lK)ttom. In principle, 
it makes use of the phenomenon of "Doppler 



Shift" as in satellite navigation; it differs opera- 
tionally from NAVSAT in that the Doppler shift 
measured is in a sea-water medium. Importantly, 
the Doppler shift phenomenon occurs throughout 
the frequency spectrum, and is equally applicable 
to visible light, electromagnetic waves, and 
acoustic or sound waves. Of prime consideration 
in Acoustic Doppler is the speed of sound, and 
signal attenuation and reverberation of sonic 
radiation in the sea- water medium. 

Acoustic Doppler is in one respect similar 
to inertial navigation since both systems repre- 
sent improvements to ordinary dead reckoning. 
Unlike inertial navigation, Acoustic Doppler is 
limited in depth. When the ocean bed is used for 
a reflecting surface, its use is limited by signal 
attenuation to depths under the keel of less than 
100 fathoms. However, echoes from thermal gra- 
dients and marine life can be used in Doppler 
navigation, provided such reverberations produce 
a signal level greater than the noise level at the 
receiver. 

A "Doppler Navigator" developed by the 
Raytheon Company and designated the AN/SQS-12, 
uses four beams of sonic energy, spaced 90"" 
apart. Transducers, activated by a transmitter, 
send out the sound signal and receive the echo. 
Serving as hydrophones, the transducers con- 
vert the echoes into electrical energy. A re- 
ceiver amplifies and compares the electrical 
input from the four transducers and develops 
the Doppler frequency. The receiver also, by 
comparison of frequency shifts, senses motion 
and direction. The transducer array is oriented 
geographically by an input from the ship's gyro- 
compass. It is also stabilized in the horizontal 
plane by the gyrocompass. 

Acoustic Doppler Navigation with the 
AN/SQ^-U, as in satellite and inertial systems, 
provides a highly accurate direct read-out of 
latitude and longitude, and automatic traekinj;. 
A smaller Doppler navigator developed for use in 
depthij less than 250 teet by small craft, and 
designated the Janus SN-4()0, displays there.^ults 
in digital form and requires manual plotting* 
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CHAPTER 10 

NAUTICAL ASTRONOMY 



1001. ASTRONOMY 

Celestial navigation is dependent upon certain 
principles of astronomy^ particularly as the latter 
relates to the positions, magnitudes^ and motions 
of celestial bodies. Astronomy is considered to be 
the oldest of the sciences. The term "astronomy" 
is derived from the compounding of two Greek 
words, "astron" meaning a star or constellation, 
and "nomos" or law, and is translated literally 
as the "law of the stars," Ordinarily, it is de- 
fined as the science which treats of the heavenly 
bodies. It is indeed a science of great antiquity. 

Three great systems of astronomy have 
evolved. The Ptolemaic system, now considered 
an hypothesis, was originated by the Alexandrian 
astronomer Ptolemy in the second century A,D. 
Ptolemy placed the earth at rest in the center of 
the universe, with the moon» Mercury, Venus, 
the sun, Mars, Jupiter and Saturn revolving about 
it. The second system, also an hypothesis, was 
originated by Tycho Brahe in the sixteenth cen- 
tury, Brahe had tried to reconcile astronomy with 
a literal translation of Scripture, and in so doing, 
developed a new concept of the solar system. 
In the Brahean system, the earth is at rest with 
the sun and the moon revolving about it; the other 
planets are considered to be revolving about the 
sun. The third system, which actually antedated 
that of Tycho Brahe, was conceived earlier in the 
sixteenth centut7 by the mathematician and as- 
tronomer Nicolaus Copernicus, The Copernioan 
theory, now universally adopted as the true solar 
system, places the sun at the center, with pri- 
mary planets, including the earth, revolving a- 
bout the sun from west to east. The earth is con- 
sidered to be turning on its axis, and the moon 
is revolving about the earth. Other secondary 
planets revolve alwut their primaries. Beyond 
the solar system, fixed stars serve as centers 
to other systems. The Copernioan concept is the 
basis of modern astronomy, Further refinements 
have l)een made by noted astronomers such as 



Johann Kepler, Through his work, which followed 
that of Tycho Brahe, the true nature of planetary 
orbits was realized, (See Appendix B for Kepler's 
laws,) 

With this brief introduction to astronomy, 
that portion with nautical significance is further 
considered, Predicted positions of celestial 
b<3dies will be compared with observed positions. 
Such comparisons provide the basis for celestial 
lines of position* 

1002. UNIVERSE IN MOTION 

Motion in the universe is viewed as actual 
and apparent. We will commence our study by 
considering the actual motion of (a) the earth, 
(b) the sun, (c) the planets, (d) the moon, and 
(e) the stars and galaxies, 

a. The earth, platform from which we 
observe the univer se, engages in four principal 
m'^tions as follows: 

1. Rotation, The earth rotates once each 
day about its axis, from west to east. The period 
of rotation is tlie basis of the calendar day. We 
can prove the direction of rotation by obse living 
the flow of water frorr an ordinary' wash basin 
filled with water; when the stopper is removed 
and the water is allowed to nm dov^n the drain, 
the water will spiral clockwise in the southern 
hemisphere and counterclockwise in the northern 
hemisphere. The reason for this action by the 
water is that two forces are acting upon it. 
First, gravity acts to cause the water to flow 
down the drain. Secondly the rotation of tiie earth, 
a force that is considered to be concentrated 
at the earth's equator, acts upon the column of 
water causing spiral motion, the direction of the 
spiral depending upon which side of the concen- 
trated force the water ^.-oluinn happens to \)v 
located. 
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2. Revolutioiu The vurth revolves atout 
the sun once each year (365 1/4 days), from west 
to east. The period of revolution is the basis 
of the calendar year. The difference between 
rotation and revolution is thiit rotation is com- 
monly used to refer to turning on an axis while 
revolution usually refers to travel in an orbits 
The actual length of time required for the earth 
to complete one revolution is a little less than 
365 1/4 days and therefore the establishment of 
an accurate calendar has been a problem. The 
Gregorian calendar, which replaced that of Julius 
Caesar, practically eliminated the discrepancy by 
the elimination of 3 leap years (3 days) per 400 
years. This was accomplished by eliminating leap 
years on turns of the century not divisible by 
400. For example, the ye^rs 1700, 1800, and 1900 
were 365 days in length, while the year 2000 ulll 
be 366 days (leap year) in length. Although the 
calendar of Pope Gregory leaves something to be 
desired, its error is only 3 days in 10,000 years. 

The earth's orbit is elliptical; during the 
winter months in the northern hemisphere, the 
earth travels nearer the sun, thus making the sun 
appear wider in diameter at that time. Also, due 
to the sun's proximity, the relative speed of the 
earth as compared to that of the sun is greater 
in winter than during the summer months in the 
northern hemisphere, resulting in noithern 
winters being 7 days shorter than northern sum- 
mers, and southern winters being 7 days longer 
than southern summers. The average speed of 
the earth in its orbit is 18 1/2 miles per second. 

3. Precession, The earth precesses about 
an ecliptic axis (i*e., a line passing through the 
earth's center perpendicular to the plane of the 
earth's orbit) once each 25,800 years in a 
counterclockwise direction. This motion is ariul- 
ogous to the motion sometimes observe^; in a spin- 
ning top. When a top is spun, two forces act, 
(1) the spinning force which tends to keep the top 
upright and (2) the force of gravity which tends to 
pull the top from an upright position. The result 
of these two forces is precession, which is the 
conical motion of an axis around a perpendicular 
to the plane upon which it is spun. The earth has 
a Spinning motion of rotation about its axis, v,hich 
is not perpendicular to the plane of its orbit, 
and it is acted upon by the gravitational forces of 
attraction of the moon and the sun; these gravita- 
tional torques tend to align the earth's axis with 
the ecliptic axis. The result of the earth's pre- 
cession is a difference in locution of the stars 
in our heavens with respect to our nortn {>ole. 
At present, Polaris (north star) is almost directly 



above the north pole of the earth. In years to come 
a vertical line through our north pole will point 
to other stars* It will point in the direction of 
Deneb in the year 10,000 and in the direction of 
Vega in 14,000. Again in the year 27,900 Polaris 
will be above our north pole. 

4, Space Motion* The earth and the other 
members of our solar system are moving through 
space in the direction of the star Vega at a speed 
of about 12 miles per second. 

b. The sun, the center of our solar system, 
rotates upon its axis, which is inclined 7 degrees 
to its path of travel, and travels through space as 
does the earth. 

c. The planets of our solar system rotate upon 
their axes from west to east, revolve about the sun 
from west to east in ellipses of small eccentricity, 
and engage in space motion. 

d. The moon, a secondaiy planet, rotates upon 
its axes from west to east, revolves about the earth 
from west to east once in 29 1/2 solar days, and 
joins other members of our solar system in space 
motion. The period of rotation of the moon upon 
its axis, the rotation of the earth, and the revolu- 
tion of the moon about the earth, is so synchro- 
nized that from the earth we see but one side of 
the moon, 

e. The stars engage in space motion and also 
rotation as does the sun. They are arranged in 
groups called galaxies. Our galaxy, the Milky 
Way, contains possibly 100 billion stars. The 
universe may contain 100 million galaxies, all of 
which have space motion independent of, and more 
significant than, the space motion of our solar 
system. The stars are considered to be an infinite 
distance from the earth, 

A notable observation in the case of actual 
motion is that most bodies of the universe rotate 
from west to east, travel from west to east in 
their orbits, and according lo some theories, be- 
have in general as electrons \n the structure of 
the atom. 

The astronomer studies actual motion; the 
navigator concerns himself with apparent nio^'ion. 
The navigator stops the earth, so to speak, and 
observes the celestial lodies rise in the east, 
travel westward, and set in the west. The astrono- 
mer tabulates inlorrnation which tiie navigatm* 
uses to fix his positioii. 
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1001 CELESTIAL SPHEUE CONCEPT 

B«eiuie of the ntoeiilty (or locution of colei- 
tlil bodies In the heivont, we uee « eyttem of 
coordlnttea ilmilar to latitude tnd longitude on 
the surface of the etrtht the system eLtablished 
is known ss the oelestlsl sphere oonoe|)t* The 
foUowli^ terms constitute the concept! 



CELESTIAL SPHER!t.-A sphere of Infinite 
radius with the earth as center. \\'henever con- 
venient we think of the earth as a point, and as a 
point it has no magnitude. We portray all of the 
heavenly bodies on the surface of the celestial 
sphere. We consider apparent rather than actual 
motion, and thus actual distances are ImmaterUL 

CELESTIAL POLES.- Points on the surface 
of the celestial sphere which mark the point of 
Intersection of the celestial sphere and the earth's 
axis extended. The north celestial pole is abbre- 
viated Pn and the south celestial pole is abbrevi- 
ated PS. 



ELEVATED POLE. -The celestial pole which 
corresponds in name to the observer's latitude. 

EQUINOCTIAL. — A great circle on the sur- 
face of the celestial sphere everywhere 90 de- 
grees from the celestial poles. Sometimes called 
the CELESTIAL EQUATOR, the equinoctial lies 
In a plane which is the plane of the equator ex- 
tended to intersect the celestial sphere and which 
is perpendicular to the axis of the earth (and of 
the celestial riphere). The equinoctial, like the 
equator, supplies a reference for north-south 
measurement. 

CELESTIAL MERIDIAN. -A great circle on 
the surface of the celestial sphere which passes 
through the celestial poles and over a given posi- 
tion on earth. There are an infinite number of 
celestial meridians. Each meridian hae an upper 
branch (180 degrees of arc passingover a position 
and terminating at the celestial poles) and a lower 
branch (remaining 180 degrees of arc). In common 
usage, the term '*celestial meridian*' refers to 
the upper branch. 

HOUR CIRCLE. -A half of a great circle on 
the surface of the celestial sphere which passes 
thix)ugh u celestial body and terminates at the 
celestial poles. The hour circle, contrasted to 



the oelestlsl merldlsti, moves with the ceteittsl 
body progr«ssiv«ly with time f t^m cist to wtat 
<slnee we consider apparent motion), while the 
position of the oelestlsl meridian remains fixed. 
With knowledge of the earth's rotation (one turn 
upon Its axis per 84 hours) we can reillse that 
esch celestial body crosses our meridian once 
each 84 hours. Dividing 860 degrees (number of 
degrees in a circle) 1^ 84 hours, we find that 
an hour circle advances about 16 degrees per 
hour. 

DECLINATION. - The angular dlsUnce of a 
body north or south of the equinoctial measured 
along the hour circle. Declination resembles 
latitude and like latitude must be labeled north 
or south. Declinstion is sbbrevisted **dec.** 

GREENWICH HOUR ANGLE (GHA).-The sn- 
gle between the celestial meridian of Greenwich, 
England, and the hour circle of a body, measured 
westward along the arc of the equinoctial, and 
expressed in degrees from 0 to 860. Also equal 
to the angle at the celestial pole between the 
Greenwich celestial meridian and the hour circle, 
measured westward. 

LOCAL HOUR ANGLE (LHA).-The angle be- 
tween the celestiil meridian of the observer anf) 
the hour circle of a body, measured westward 
along the arc of the equinoctial, and expressed 
in degrees from 0 to 360. Also equal to the 
angle at the celestial pole between the local 
celestial meridian and the hour circle, measured 
westward. In west longitude LHA is found by 
subtracting the longitude of the observer from 
the GHA. In east longitude LHA is found by adding 
the longitude of the observer to the GHA. 

ECLIPTIC. — The apparent path of the sun 
among the stare over a period of a year; a great 
circle on the surface of the celestial sphere lying 
in a plane which intersects the plane of the equi- 
noctial making an angle of approximately 23 1/2 
degrees. 

ZODIAC. — A belt extending 8 degrees to each 
side of the ecliptic. The apparent pattis of all the 
planets within our solar system fall within this 
belt except for Venus which occasionally appears 
to travel outside the zodiac. The zodiac was di- 
vided into 12 sectors (signs) by the ancients to 
corres()ond to months, each sector being named 
for the constellation which the sun appeared to 
bo passing tlirough or near at that time. Each 
sector or sign extends 30 degrees in arc. 
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EQtANOX&S.- Two iriit olrolti otifttphtrt- 
Ml tttff iM thiM two poinli of tmtrMOtton, Tht 
potnta tt inttrtiottOA of tht •qutiiocUal mA th« 
•ollsUo oiUid tht vtrnul •qutnox (Mtroh 
•qutnox) and the iutumnil AqutiMNU The tun ndr- 
milly trrlvei it the vemil •qutnox on Maroh au 
tt thil ttmo (tti« beginning of iprlng).thedecUni- 
tlon of the tun le 0 end theeun piiieti from eouth 
10 north decllnttlon* The tun normtUy trrlvei 
it the iutumnil equinox on September 89} tt thtt 
time ( the beginning of tutumn). the deuUnttlonle 
tlco'O tnd the tun putet from north totouth 
diollnttlon. 



SOLSTICES. -When the tun retohet Itt maxi- 
mum northern declination i2S 1/2 N) on or tbout 
June 28i we epetk of the time tt the tummer 
tolttloe (the beginning of tummer). When the 
tun retoUea Itt maximum touthern declination 
(as 1/8 S) on or about December 82, we tpeak of 
the time at the winter tolttloe (the beginning of 
winter). 

DIURNAL CIRCLE. ~ A tmall circle on the 
turface of the celettlal tphere which detcrlbea 
the apparent daily path of a celettlal body. The 
diurnal circle of the tun at the tummer tolttlce 
projected to the earth It called the Tropic of 
Cancer; located 23 1/2 degreet north of the equa- 
tor, and named for the eign of the todlao con- 
taining the tun at that time. It marks the northern 
limit of the tropics. The diurnal circle of the tun 
at the winter tolstlce projected to the earth It 
called the Tropic of Capricorn! located 23 1/2 
degrees south of the equator, and named for the 
sign of the zodiac containing the sun at that time, 
it marks the southern limit of the tropics. When 
the sun Is over the Tropic of Cancer (summer 
solstice), its rays extend 90 degrees to either 
side causing continual daylight (midnight sun) in 
the region north of 66 1/2 degrees North Latitude, 
and continual darkness in the region south of 
66 1/2 degrees South Latitude. When the sun Is 
over the Tropic of Capricorn, the region north 
of 66 1/2 degrees North Latitude has continual 
darkness and the region south of 66 1/2 degrees 
South Latitude has continual daylight. This is the 
basis for our establishment of the Arctic and 
Antarctic Circl-is. 

FIRST POINT OF ARIES.— Abbreviateti by 
(the ram's horns or the Greek letter upsllon),the 
first point of Aries is a reference point on the 
ecliptic and Is another name for the vernal or 
March equinox. Although It Is an Imaginary point, 



we may ettebllth an hour circle through U for 
m«iturtment of tidireal hoar angle and right 
iioenalom 

{SIDEREAL HOUR ANGLE (SHA),-The angle 
between the hour circle of the first pointof Arlet 
and the hour otrele of a body meatui«d westward 
along the aro of the equinoctial, ejqtretaed in 
degreet from 0 to 860. The word ••sidereal** 
normally meant •'of or pertaining to ttart** and 
the SHA for navigational start It tabulated in the 
N autical Almanac. SHA, unlike the other hour 
aiglet, doet n^lnoreate with time but remiint 
relatively conttant. The reaaon for thit it that 
the hour ctiolet between which the meaturement 
la made are traveling at practically the tame 
speed, and thut have a relative tpeed of nearly 
aero, 

RIGHT ASCENSION, -The angle between the 
hour circle of the firat pointof Arlet and the hour 
circle of a body, measured eastward along the aro 
of the equinoctial, and expressed in either degrees 
or in hours. Right atcension (in degrees) plus 
tidereal hour angle equals 360 degrees. 

TRANSIT. — The passage of a body across a 
meridian. The crossing of the upper branch of 
the celestial meridian it the ^'upper transit^^t the 
crossing of the lower branch is the ••lower tran- 
tit.^* 

CULMINATION. - A synonym of ''upper tran- 
sit." 

MERIDIAN ANGLE (t).-The angle between 
the celestial meridian of the observer and the hour 
circle of a body measured eastward or westward 
along the arc of the equinoctial from the celestial 
meridian, and expressed in degrees from 0 to 180. 
Meridian angle always carries a suffix "E" or 
"W" to indicate direction of measurement. When 
LHA is less than 180 degrees, t equals LHA, and 
is labeled west. When LHA is greater than 180 
degrees, t equals 360- LHA, and is labeled east. 

POLAR DISTANCE. — The angular distance of 
a body from the eluvated pole measured along the 
hour circle. When declination and elevated pole 
are of the same name (both north or both south), 
polar d: stance is the complement of declination 
and may be referred to as co-dec. When elevated 
pole and declination are of different names (one 
north and one south), polar distance equals 90 
degrees plus declination. 
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1004. TIMB DIAGRAM 

The r«lit!onthii> betWMn vii^toui rtft ranot 
olrolvB of the celestial iphert whloh metiure 
ttnguUr quiiitltlei In in tiit-wett direction mty 
be bett underttood through the eonstruotlon of 
a time diagram. This is a view of the oelettlal 
ephere, In the plane of the equlnootlaU ae seen 
from the louth oelestlal polot Eatterly direction 
li olookwlae and westerly direction le counter- 
olockwlae. A radial line It drawn from Pa In the 
center, In any direction, but generally in the 
vertical, to locate the oeleetial meridian of the 
observer, From the celestial meridian, using 
the observer's longitude, the celestial meridian 
of Greenwich Is located and plotted. From the 
celestial meridian of Greenwich, using tabulated 
QHA*s, the hour circles of the sun, the planets, 
the moon, and the first point of Aries may be 
plotted. From the hour circle of the first point 
of Aries, using SHA as tabulated, the hour circle 
of the stars may be located and plotted. This 
diagram mokes possible the derivation of (1) 
LHA, and (2) t. 

Typical time diagrams are Illustrated in fig- 
ure 10-1. Figure 10 -2 Illustrates certain additional 
relationships. 

From the time diagram we may. derive the 
following relationships: 



LHA " GHA - W ^ 
LHA - GHA * F, k 
GHA* - GHAT+J3HA* 
LHA* » LHAT+ SHA* 
RA « 360 > SHA 
SHA a 360 - RA 

t ° LHA. If LHA is less than 180 degrees 
t - 360 - LHA, if LHA is greater than 180 
degrees. 

If t « LHA, t is west. 

If t " 360 - LHA, t is east. 



1006. HORIZON SYSTEM OF COORDINATES 



Location of points on the celestial sphere by 
declination and hour angle is not always praotioaH 
for an observer, since the equinoctial is an ima- 
ginary circle. Forthe observer, the horizon offers 
a better reference. The horizon system employs 
the following terms. 

ZENITH. — Point on the celestial sphere di- 
rectly alme the observer. Abbreviated "Z". A 
point on the surface of the earth having a star in 



tti tenlth !■ calted the •tar*stiogriphlepo»ltloiii 
sub»attral, or ground point. 



NADIR.— Point on the celestial sphere direct- 
ly below the observer. Abbreviated **Na.** 



CELESTIAL HORIZON. -A great circle on 
the surface of the celestial spHer^ everywhere 
90 degrees from the aenith. The visual hoHson 
is the line at which the earth appears to meet 
the Blq^t If a plane is pasisd through the observer's 
position and perpendicular to the senlth-nadlr 
axis we have the sensible horison. The visual 
horlson is corrected to the sensible horison by 
application of a correction for height of observer*8 
ej'e. If a plane is passed through the center of 
the earth perpendicular to the senith-nadir axle, 
we have tho rational horison, When projected to 
the celestial sphere, both the sensible and the 
rational horison meet at the celestial horison. 
This occurs because the planes of the sensible 
and rational horizons are parallel and parallel 
lines meet at infinity (the radius of the celestial 
sphere). 



VERTICAL CIRCLE. -A great circle on the 
surface of the celestial sphere passing through 
the zenith and nadir and through some celestial 
body. Although it is by definition a complete cir- 
cle, in actual usage we spesk of the 180 degrees 
through the body and terminating at the zenith 
and nadir respectively, as the vertical circle. 
In practice we make use of the 90 degree arc 
from the zenith to the horizon through the bo^; 
the remaining 90 degrees below the horizon is 
not visible and serves no purpose. 



PRIME VERTICAL. -A vertical circle pass- 
ing through the east and west points of the 
horizon. The prime vertical arc above the hori- 
zon terminates at t^te points of intersection of 
the equinoctial and the celestial horizon. 

ALTn^TDE (h). — The angular distance of a 
body above the horizon measux'ed along the verti- 
cal circle. 



ZENITH DISTANCE. — The angular distance of 
a body from the zenith measured along the 
vertical circle; it is the complement of the 
altitude and is abbreviated either *'z" or "co» 
alt," 
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A. WEST LONGITUDE 

LEGEND: 



6. EAST LONGITUDE 



M <- Upp«r branch of obttrvtr't mtridien 

m - Lowtr branch of ebiorvor't moridian 

G - Uppor branch of Groonwlch morldlon 

9 - Lowor bronch of Grton«Mlch mtridlan 

0 - Hour cIrcU of tun 

Y - Hour circio of Firtt Point of Arioi 

• - Hour circio of star 

Ps - South Colottial polo 

X - Longitudt 

GHA - Groonwich hour angle 

LHA - Local hour angle 

t - Meridan angle 

SHA - Sidereal hour ongle 



190.15 



Figure 10-1. — Time diagrams, (a. West Longitude, b. East Longitude.) 



AZIMUTH (Zn). — The true direction of a 
celestial body; the angle between the celestial 
meridian and the vertical circle measured right 
or clockwise from north to the vertical circle. 

AZIMUTH ANGLE (Z).-The angle between 
the local celestial meridian and the vertical 
circle; the arc of the horlsson measured from 
either the north or south points of the horizon 
(depending upon which pole is elevated) right 
or left to the vertical circle and expressed In 
degrees from 0 to 180. Azimuth angle must be 



prefixed by N or S to Indicate which Is the 
elevated pole, and suffixed by E or W to Indicate 
the dlre«.tlon of measurement. If meridian angle 
Is east, the suffix will be "E**; If meridian angle 
is west, the suffix will be ow.'* 

We may es.'ablish certain relationships be- 
tween azimuth and azimuth angle (see fig. 10-3) 
as follows: 

(a) When azimuth angle Is measured north to 
east (north pole elevated, east meridian angle), 
azimuth equals azimuth angle. 
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From thu tiiiiu diugrani may clurlvc tlic 
following rulntionships ; 
LIIA « GHA - W \ 
LIIA • GIIA + K K 
GHA* »GHAr +SHA* 
LIIA* = l.HAr tSHA* 
UA * 360 - SMA 
5»IIA - 360 - It A 

t a LHA, 11 LIIA is less than 180 dogruue 
1 360 - LIIA, if LIIA is grcutur thiui 180 

(lugruus 
If t » LHA, t is wust 
If t a 360 - LIIA, t is uust. 

190.16 

I'Mgure 10-2, — Time diagram, 

(h) When uzimuth angle is measured north to 
west (north pole elevated, west meridian angle), 
a?.imuth equals the oxplement of, or 380 minus, 
the a/.imuth angle. 

(c) When ar.imuth angl> is measured south to 
east (south pole elevated, east meridian angle), 
azimuth equals the supplem'jnt of azimuth angle. 

(d) When azimuth angle is measured south to 
west (south pole elevated, west meridian angle), 
azimuth equals 180 degrees plus azimuth angle, 

LATITUDE OF THE OBSERVER. - This value 
is projected on the celestial sphere as the angular 



41itinee bttwten thu tqutnoetlil ind tht Mnlth* 
mutured along th« celtitlil morldltiu 

POLAR DISTANCE OF THL ZENITH. -Tht 
anguUr dliUne« b«twt«n tht Mnllh and tht 
vated poitt mtatured alon| theoel6itialmttrldiiAt 
the complamtnt of th« latitude and utually refer- 
red to aa "co-lat*** 

1006. ASTRONOMICAL TRIANGLE 

Combining the celeatial aphere concept and 
the horison eyatem of coordlnatea (fig. 10-4A), 
we derive a triangle on the aurfaoe of the celea- 
tial aphere known aa the aatronomloal triangle 
(fig. 10-4B). Thla triangle projected back to the 
earth*a aurface it the navigational triangle; In 
practice, the termi aatronomlcal and navigational 
aa applied to trianglea are aynonomoua. 

In the aatronomical (or navigational) triangle 
as illustrated, two aides and the included angle 
are given (co-lat, t, co-dec) and the opposite 
side (co-alt) and one angle (Z) art solved for. 
Actually, latitude of the observnr and co-lat are 
not known exactly, but are assumed, as is longi- 
tude in arriving at "t,** The actual altitude is 
measured, and, by [in comparison with the com- 
puted altitude, the discrepancy intheassumptiona 
of latitude and longitude may be determined. 

Solution of the astronomical triangle may be 
accomplished Ublng the coslne-haversine law. 
However, practical navigators no longer resort 
to spherical trigonometry for the solution of 
the triangle. Instead they make use of such tables 
as H.O, 214 which actually are tabulations of the 
results ci solutions of all possible triangles. In 
preparirig these tables, it was customary to break 
the astrono'.nical triangle into two right spherical 
triangles by dropping a perpendicular from one 
vertex to the opposite side. Fur convenience, 
these tables are so tabulated as to make unnec- 
essary the computation of complements. 

1007. SPECIAL CELESTIAL RELATIONSHIPS 

The relationships below are worthy of note 
in iuiy study of the celestial spheret 

(a) A body on the observer's celestial merid- 
ian has an azimuth of either 000 or 180 and is 
either a', its greatest or least altitude depending 
upon whether it is transiting the upper or lower 
branch of the meridian. 

(b) A body on the prime vertical has an az- 
imuth of either 090 or 270. 
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LAT. - SOUTM 
t - EAST 



LAT. - NORTH 
t • WEST 




LAT. - SOUTH 
C - WE&T 



190.17 

Figure 10-3.-- Azlmith angles and azlmath. 



(o) When a \x>dy le on the horizon tt is either 
rising or setting, 

(d) When the declination and Utltude are of 
the same name, the »>ody wll5. k)e r.lwve the hori- 
zon more than half thy time, and It will rise and 
pet l)etween the prima vertical and the elevated 
pole. 

(e) If declination and latitude are of the same 
name and equal, the lx:>dy will pass through the 

zenith. When In the zenith, it has no azimuth or 
azimuth angle. 



rO When the declination Is of the same name 
as \he latitude and numerically greater than the 
co-Ut, the tody Is circumpolar (it never sets), 

(g) Wlien declination Is 0 degrees, a body 
rises In the east and &ets in the west. 

(h) When the declination Is of contrary name 
(as compared to latitude), and grvater than the 
co-lat, the body never rises. 

(I) At the equator, the celestial pohss coin- 
cide with the celestial horizon. There are no 
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Navigational triangle. 



69,56 

Figure 10-4. — The celestial sphere, B« Astronomical triangle. 



otrcumpolar stars nor stars that never rise. 
Stars rise and set in planes wh^ch are perpen- 
dicular to the plane of the horizon, 

(j) At the poles I the equinoctial coincides with 
the celestial horizoni the only bodies visible are 



those with a declination of the same name as 
latitude » and all these are circumpolar. Altitude 
then equals declinationi and azimuth is insigni- 
ficant since all directions at the north pole are 
south and at the south pole all directions are 
north. 
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CHAPTER II 

TIME 



llOU INTRODUCTION 

With the nautioal astronomy background gained 
through the study of Chapter 10 as a prerequisite, 
the prtotice of celestial navigation may now be 
approached, commencing with a brief study of 
time and timepieces. 

During the Newtonian era, great ad« mces in 
mathematics and in the physical sciences made 
available (a) a great deal of information concern- 
ii^ ths positions of stars and planets; (b) greater 
knowledge of gravitation; and (c) more information 
in general concerning the celestial bodies beyond 
our solar system. The Post- Newtonian era was 
characterised by the practical application of the 
new knowledge of astronomy. 

An early problem was that of determining 
longitude at sea. As we shall see in Chapter id, 
latitude can be readily determined by a meridian 
sig^t without knowledge of exact time or resort 
to spherical trigonon^etry. However, longitude 
can not bo so easily obtained. Accordingly, in 
1714, British sea captains petitioned the House 
of Commons for a solution to the problem of 
determining longitude. By 1736, John Harrison 
had produced a marine chronometer which ad- 
vanced considerably the practice of navigation, 
making it possible to more accurately compute 
lont^tude. 

1102. TIME MEASUREMENT 

With this brief historical inti oduction, time 
may now be defined as the sum of uU the days in 
the past, today, and all the days of the future. 
However, we think of time, as a quantity which 
can be measured. Time may be expressed as a 
measured duration, such as Uiroe hours, and also 
as '*clock time,** for example, 0200. The instru- 
ment for making this measurement is a time- 
piece. The earth ie our celestial timepiece. Each 
turn upon its axis provides a unit of time known 
as the day. Time is important to the navigator 



because as we have seen, of its relationship (o 
longitude. 

Two general types of time measurement are 
solar time and sidereal time. Solar time is based 
upon the rotation of the earth with respect to the 
sun while sidereal time is based upon the rota- 
tion of the earth with resiiect to the stars. 

1108. SOLAR TIME 

We will at first restrict our discussion to solar 
time, commencing with a type called apparent time 
which is time measured upon the basis of the ap- 
parent motion of the real sun. By apparent time, 
when the sun transits the upper branch of the 
local celestial meridian, the time Is spoken of as 
local apparent r^n (LAN) or 1200 lipparent time. 
Whjn the sun transits the lower branch of the 
local celestial meridian, the time may be spoken 
of as local apparent midnight or 2400 (also 0000). 
Unfortunately, the lel^gth of the apparent day var- 
ies. This results because of two reasons: 

(a) The ellipticity of the earth*s orbit. The 
earth when relatively near the sun rotates once 
with respect to the sun in less time than when 
relatively far from the sun. This occurs because 
th.e earth is moving in its orbit while rotating. 

(b) The sun*s apparent movement with respect 
to the earth is faster at the solstices, when the 
sun is moving almost parallel to the equinoctial, 
than at the equinoxes when the direction of the 
8un*8 apparent motion hai) a larger north-south 
component. 

Since apparent days are unequal in length it 
is impractical for man-made timepieces to keep 
apparent time, and as an expedient we have av- 
.-^raged the length of the 365 1/4 apparent days, 
(1 solar year) and arrived at a measurement 
known as mean time. One mean day ie 24 hours 
in len^'th, each hour consisting of 60 minutes 
and each minute consisting of 60 seconds. We can 
say that mean time is based upon the motion of 
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tn imigintry svtn moving wastw&rd in th« «qui* 
nooUal it i uniform tpMd. At Um intUnt th« 
imtglntry lun traniitB thii uppar branch of tht 
local oelofitial meriditni wltneii local moan 
noon (1200 local mean timo), and at thii «nitant 
thi imaginary aun traneita the lower branch of 
tha locil celestial meridian, we observe looal 
mean midnight (2400 or 0000 looil mean time). 
The difference between mean time and apparent 
time ii the I'equation of time,** a value which ii 
tabulated in the Nautical Almanac. 



Mean time changes with longitude, and since 
there are an infinite munber of local celestial 
meridiann the keeping or mean time is a system 
lacking in uniformity. To keep a timepiece set 
to mean time, we would tiave to reset it with 
each changi) in position. Since this woulr* oe just 
as impractical as using apparent timo, we have 
established standard or zone Ume, (fig. U-l) 
abbreviated ZT, whloh provides tl:at a r.one 16 
degrees wide in longitude may keep the same 
time throughout the zone. THE ZONE TIME OF 
ANY ZONE IS THE MEAN TIME OF THE CEN- 
TRAL MERIDUN. The geographic extent of the 
time zone is 7 1/2 degrees to either side of the 
central meridian. The local mean time for a 
meridian ntay be converted to zone time. This 
is accompli Bhed by (1) converting the difference 
In longitude (between locfi and standard merid- 
ians) from arc to tlxr.ti, and (2) adding such 
correction to the local mean time If the looal 
moriillan is to the west and subtracting it if to 
the east. See articues 1303 and 1305 for examples 
of conversion of local mean time to zone time. 
Conversely, zone time may be converted to local 
mean time. The origin of time zones is the 
meridian of Greenwich which is the central 
meridian of time zone "0." Time zone 0 keeps 
standard or zone time which is exactly the 
name as the mean time of Greenwich, abbre- 
viated GMT. In all time zones, except 0 zone, 
the longitude of the central meridian is divisible 
by 15. EEiCh time zone is assigned a zone descrip- 
tion (ZD). The zone description consists of a 
nuniber from 0 to 12 commencing with Oat Green- 
wich and counting both to the east and to the west. 
Time zones in the eastern hemisphere are dis- 
tlnqulshed from the time zones in the western 
hemisphere by a prefix; eastern time zones are 
prefixed by a minus sign wtille western time 
zones are prefixed by a plus sign. The zone 
description indicates the hours difference between 
the zone time of a zone and GMT j applying the ZD 
In accordance with sign to the ZT we arrive at 



QMT. For axampla, longitude 175 Wast la in t* 
timt tone known by the eoni deaoriptlon •«> \% 
(176/18). Xf the una Uma iBll"09-a2(convenUonal 
maani of aiqprasaing hourai minutes, and aa- 
oonda), than QMT is ll"09»a2 plus ia*0O-00 or 
23«09-22i if our longitude is 36 East, our ZD 
must be -2, and if ZT is 0e-16-32» QMT must 
ba 08-16«a2 minua 02-00-00 or 06-16-32. Since 
wa can find GMT by applying the ZD according 
to aign to tba ZT| convaraaly, wa oan find ZT 
1^ applying the ZD with the aign revarsad to 
QMT. 



The l^Oth meridian is the central meridian 
of time lone 12 which ia common to both hand- 
apharest However the half in the eastern hemi* 
sphere has a ZD of -12| and the ha^f in the 
western hemisphere has a ZD of tl2. For this 
reason, and since the Qreenwloh time sone ia 
known as 0, we have 24 time aones but 25 acne 
descriplionc. 



Sometimes, in order to mai(e the best use of 
daylight hours, all clocks are advanced 1 hour; 
this system of keeping time is call daylight sav- 
ing time. In time of war, clocks may be advanced 
1 hour and the time referred to as war timet When 
either daylight saving or war time is being kept, 
in effect, the zone is '.eeping the standard time 
of the adjacent zone to eastward, and instead of 
observing Uie sun on the meridian between 1130 
and 1230, upper transit of the central meridian 
will occur normally between 1230 and 1330. 



The time zone system has been generally 

adopted except in Saudi Arabia, in the polar 
regions, and in a few remote islands. Saudi 
I Arabia keeps "Arabic time" by which all 
timepieces are set to midnight at sundown. 
Through island groups and over land, the time 
zone boundaries may be somewhat irregular. For 
example t the eastern time zone in the U.S. (ZD 
-t- 5) is separated from the central time zone 
(ZD 6) in the north by the west shore of 
Lake Michigan and in the extreme south by 
the Appalachicola River of Florida. Ordinarily at 
sea, as a ship proceeds from one time zone to 
anothe] , ship's clocks are reset. When traveling 
in conipany with other vessels, the officer in 
tactical command may be expected to initiate the 
signal. When steaming independently, the zone 
time is changed at the discretlonof the command- 
ing officer. When traveling eastward, zone time 
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13.76(69) 

Figure 11-U~ Standard time zones. 

IB ohangsd by advancing the olooks 1 hour. When we retard the calendar 1 day (for example, 
traveling westward, the clocks are retarded 1 2 Jan. to 1 Jan.). 
hour upon entering a new time une. 



Whon the sun transits the celestial meridian 
of Greenwloht the date throughout the world 
is the same. At every other instant, there are 
two dates Im the world simultaneously. The new 
local date at a given location on the earth be- 
gins with the sun's transit of the lower br^ch 
of the celestial meridiani the new Greenwich 
date begins with the sun'e transit of the 180th 
meridian (which with occasional deviations for 
the benefit of island groups is the international 
date line). Within the 12th Ume cone all Ume 
is the same but the date in the ./e stern hemi- 
sphere section is always 1 day earlier than in 
the eastern hemisphere section. When traveling 
from the western hemisphere to the f astern 
we advance the calendar I day (for examj^le, 
2 Jan. to 3 Jan.); when traveling from the 
eastern hemisphere to the western hemisphere 



In a time diagram if the hour circle of a 
celestial body plots between the lower branches 
of the local celestial meridian and the Greenwich 
celestial meridian, the local date differs from the 
Greenwich date. If the local meridian is in west 
longitude the Greenwich date is 1 day later than 
the local date; if the local meridian is in east 
longitude, the local date is one day later than the 
Greenwich date. When ZD is applied to ZT to 
obtain QMTi if the GMT is over 24 hours, then 
24 hours must be subtracted; the remainder is 
the GMT and the Greenv.ich date is 1 day later 
than the local date. If, when ZD is applied to 
ZT to obtain GMT, the result is anticipated to 
be a minus value because of the necessity of 
subtracting ZD, the navigator adds 24 hours to 
the ZT before subtracting the ZD and notes that 
the Greenwich date is a day earlier than the 
local iate. U is necessary to know the Green- 
wich mean time and Greenwich date because upon 
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It tU ttbuiatod MtroBomloadaUuMdby tht&avi" 
gitov it bftMd, 



EXAMPLE \\ convert ZT 0800 1 5 Deo. in ZD * 4 
to QMT. 



SOLUTlOMi ZT 0600 16 Dec. 

ZD 

QMT 1200 1 5 Dec. 



EXAMPLE 2: Conyart ZT 1600 28 Deo. In longi- 
tude 81*E to QMT. 



SOLUTION: 



ZD " 81/16 ■ -6 
ZT 1600 28 Dec. 

ZD «5 

QMT 1000 28 Dec. 



EXAMPLE 3: Convert ZT 0600 12 Jan.lnlongl- 
tudo 167* -30 'B to GMT. 



SOLUTION: 



ZD - 167 - 30/16 » -U 

ZT 0600 12 Jon. or 2900 11 Jan. 

ZD -11 



QMT 



1800 11 Jan. 



EXAMPLE 4: Convert 0600 14 Feb. QMT to 
ZT in longitude 1 20 AV. 



btili for the ooBverilea of tro to tlmt end time 
to «ro« The oottveraio& ie tt foUowet 



Ximi 
84 hre. 

60 min. 
4 min. 
4 mlD* 
1 min. 

60 eeo. 
4 sec* 
4 eeo. 
1 eeo. 

EXAMPLE 1: 



• 360* 

• 16* 

• 16* 
m !• 

• 60' 

• 16' 

• 16* 

• V 
m 60* • 

• 16'* 

convert 344* 16'33'* to Ume. 



344* - 22 hre. 66 min. 

16* ■ 1 min. 4 eeo. 

33" ■ 2.2 eeo. 

Anewer: 22 hre* 67 min, 6,2 eeo. 



EXAMPLE 2: 

18 hre. 
37 xnln. 
20 sec. 



Convert 18 hre. 37 min. 20 eeo, 
to tro. 



270* 
9» 



16* 
6* 



Anewer: 



279* 20* 



SOLUTION: 

ZD - 120/15 " -t-S 

GMT 0600 14 Feb. or 3000 13 Feb. 

ZD 4- 8 (with sign reversed) -8 

ZT — ^266 Id Feb. 



An eaeier method of oonverelon le offered by e 
oonverelon table In the back of the Nautloel 
Almaneo. (See Appendix F-3) 



U06. SIDEREAL TIME 



1104. TIMS AND ARC 



Since the equinoctial is a circle oontalnlng 
360 degrees, and since there are 24 hours in a 
day« we may use these figures to estabUsb a 



Sidereal timei or star time, is based upon the 
earth's rotation with respect to the stars. Sidereal 
and solar time differ in the four following ways: 

(a) Reference. The sun is the reference point 
for solax time: the first point of Aries is the 
reference point for sidereal time. 
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Figure U-2.-> Ships ohronometer in its oase. 

(b) Commonoe.nent of Day. A soUr day com- 
monoas wban the sun tranalts the lower branoh 
of the looal celestial merldlfB (midnight); a si- 
dereal day commences when the first point of 
Aries transits the upper branch of the looal 
celestial meridian (sidereal noon). 



(0) Date. There is no sidereal date* 



(d) Length of Day. A sidereal day Is 3 min- 
utes and 66 seconds shorter than a solar day 
which provides for 366 1/4 sidereal days in a 
solM* year (366 1/4 solar days). The reason for 
a sidereal day being shorter Is the fact that 
while the earth rotates with respect lo the sun 
it also travels In Its orbit. When the earth has 
rotated onoe with respect to the stars, Its travel 
in its orbit has necessitated that It turn almost 
an additional degree in orctor to have rotated 
once with respect to the sun. 



Tlmepit0i8» M prtviouily iutrodhidtd in Mt« 
soil oonsitt dtohro&omitsriiQdm|»iriii|WAtotMi8|' 
•hip*! olockati a&d stop wttohtit 



The ohroftomtter (figt U-S) ie the navigator*! 
most leoortti timtpl«ott Thir« are two 
Tho Urger» roftrred to at siaa 6ft, la a rogtOtr 
ihip«i ehroBomatori mads by tht Hamilton Watoh 
Compinyt Tho imaUiri aiae 3ft» is a high-grtdi 
watohi and is often referred to as a ohronomtter 
watoh« It ii usually stowed so as to be proteotsd 
agalBit ihook, eleetrloal influenoei and oxtromt 
chtBgea iu tomporaturoi Moat veaitls oarry 3 
chronometers for comparison purposes thus mak* 
ing it possible for the quartermutor to roadily 
detect the error in any instrument whioh may 
develop an trratio ratot The ohronometer is let 
to QMT and ntvor reset until returned to a 
ohronometer pool (iouroe of ohronometers used 
in Navy ships) for oleaning and adjustment whioh 
is neooiiary evory 8 to 3 years. The ohrono- 
mtter is wound daily at 1130: this (and the faot 
that a comparison was made) ia reported at 
1165 to the commanding officer as part of the 
18 o'olook report. Chapter 9840i Section !• Part 
di of the tikvtl Ships Technical Manual and the 
chronometer record book contain detailed 1d- 
■tructlon for ohronometer care. 



Time slgnslSi for checking the current ac- 
curacy of chronometera, may be received from 
Radio SUUons WWV and WWVH, of the NaUonal 
Bureau of StandardSi Department of Commeroei 
transmitting from Colorado and Hawaii respec- 
tively, and from Naval Radio Station, NSS, Anna- 
polis, Maryland. Upon receiving a radio time 
signal, the quartermaster checks the chronometer 
and establishes the chronometer error, labeling 
It fast or slow as appropriate. The average daily 
difference In error, called the dally rate and 
labeled "gaining** or **loslng,** Is also computed 
and recorded. With the chronometer error for 
a given date in the past, and the dally rate, we 
can predict the chronometer error for either 
the present or a future date* 

Quartz oscillator clocks are coming into use 
as marine ohronometers. Currently, military 
specifications for such timepieces are belngpre- 
pared. These clocked, which are electrically 
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(uiuiUy btttory) pewtr«d» ar« known to bt tx^ 
oopttonaUy toourtto, Thuy aro tlio qolto r^- 
tIttUnt to nhook and vibrttton tnd do not Mqpilro 
lumbal mountlBf. 

Tho oomparing watoh ii a high gradt pookat 
watoh oarritd by tha navigator or qoarttrmaatar 
whin maMng oaloatial obMrvatlona. It may ba get 
•xaotly on OMT ilaoo by oxtondi&g tho atam tba 
aaoond hand may ba atoppadi to aat tba watob 
on OMT tha quartarmaatar muat mantally oon- 
•Idtr ourrant ohronomatar arror* Soma navi- 
gatora prafar aatting tha comparing watob to 
aone tlma wblob naoeailtataa tha application of 
ZD In ordar to find QMT. If the quartarmaatar 
la unauooaaitul in aatting tha watoh axaotly to 
aona time or QMTi ha ihould aacartaln tha watoh 
arror (WB on ZT or WB on QMT). Such oorrao- 
tlon mult be appUad to tha watoh time of oaoh 
observation. 

A atop Witch may ba atarted upon mtking 
a calastial obaervations then upon aubaequent 
observatlona the aeoonda alapaed may be ra« 



oordad. At a given inatant* upon oemplation of 
oalaatlal obaarvationa* a oomparlaon may ba 
made with tha ohronomatar and tha ohronomatar 
time of obaarvatlon (or obiarvatloni) oomputad. 
By applying tha ourrant Ohronomatar arror to 
tha ohronomatar tlma wa arriva at oorraot QMT* 
Tha only advantage of a atop watoh la tttat tha 
aaoo4d hand raadlng la aaalar to maka.Whenavar 
reading time for an obaarvationt tha handaahould 
ba raadin tha ordar of thair qiaad* aaoond hand* 
minute hand« hour hand* 

Marina olooItBi daal^uted aooording to uaage 
aa boati deok, or geaaraX purpoaa olooka, ara 
normally of tha eight day meohanioal typa* Soma 
general purpoae olooka have 24 hour dialat all 
othara have 12 hour diala* Marina olooka ara 
manufactured by the Ghilaea Clock Compaayiand 
by Sath Thomaa ClookOi Dlvialon of General 
Time Corporation. Clooka ara normally wound 
weeklyi and react aa neceaaary whan wound. 
After winding and aatting, tha baael or oaae 
muat be oloaad to prevent duat from entering 
the oaae. 
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laOi, INTRODUCnON 

In the advAnoement of tte praotloe of Qelestltl 
navlgattoni perhaps the milestone next following 
the appearance of Harrison's chronometer was 
the discovery in 1837 by an American ship- 
master! Captain Thomas A. Sumner» of a solu- 
tion for a celestial line of po'itloni From the 
obaervatton of an altttude of the sun» be made 
three computations for longitude using a different 
latitude in each* because of uncertainty as to 
his latitude, After a plot of three positions from 
these computationsi be noted that the three could 
be connected by a straight llne» which he cor- 
rectly assumed to be a locus or line of positioni 
SubaequenUy, a landfall gave further evidence of 
the correctness of his assumption. Since 
Sumner's disooveryi solution for and use of such 
a Une of position» has been the essence of 
celestial navigation* 

Unfortunately, to obtain a "Sumner's line,'* 
multiple computations are required. However* in 
1875« the computation was simplified by a pro- 
cedure introduced by Commander Marcq de St. 
Hilaire. French Navy. By the St. Hilalre or 
"Altitude Intercept" method, the altitude and 
azimuth of a celestial body are computed for an 
approximate or assumed position of the ship at 
a given time of observation. By comparison of 
the observed altitude and the computed altitude, 
the difference, known as "intercept," is deter- 
mined in minutes of arc. A line is drawn through 
the assumed position from which the computed 
altitude was obtained, in the direction of the 
azimuth. If the observed altitude is greater than 
the computed, the observer is nearer the body, 
and conversely, if the computed altitude is 
greater than the observed, the observer is 
farther away; accordingly, the intercept in minutes 
of arc is directly converted to nautical miles 
and is measured from the assumed position along 
the azimuth line, toward or away from the celes- 
tial body, as appropriate. At the point thus 



established, a Une of position is drawn, at right 
angles to the aHmuth line* This celestial Una 
of position* although a straight Une, is repre- 
sentative of a short arc* taken from a circle 
of ecpial altitude drawn about the geographical 
position (QP) of the observed body* See figures 
12-1 and 12-2, MathematicaUy* a Sumner's Une 
is actuaUy a chord of such a circle; the Marcq de 
St, Hilalre Une is a tangent. 

The altitude Intercept method as introduced 
by Commander St, Hilaire was widely adopted. 
For solution of the astronomical or navigational 
triangle for computed altitude and azimuth* tte 
use of a cosine-haversine formula was adcpted* 
a haverslne of an angle being equal to one half 
the quantity of one minus the cosine of such 
angle. Thus* the solution of the triangle, while 
somewhat easier* stiU required resort to spheri- 
cal trigonometry. However* the solution was 
further simplified by Ogura of Japan, among 
others, and in the 1930' s several new methods 
wore introduced, making use of tables of solu- 
tions for spherical triangles of various dimen- 
sions. 



CIRCLES OP ALTITUDE EOUAL 







RADIUS 




1 Q >^ a — 


(CO-ALTITUDE) 
OBSERVED ALTITUDE > COMPUTED 



BASED ON APPROXIMATE POSITION 



OBSERVED Altitude < computed 



190.18 

Figure 12-1.— Relationship of circles of equal 
altitude and Intercept "a." 
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ALTITUDE INTERCEPT "A" IS 
"TOWARD", AS ALTITUDE OBSERVED 
IS GREATER THAN COMPUTED. 



Figure 12-2. 



In this chapter I sight reduction by later and 
more modern methods will be describedi together 
with the plotting of celestial lines of position 
and celestial fixes* Preliminary to actual sight 
reductioni the marine sextant and its use, cor- 
rections to sextant altitudes, the use of the 
Nautical Almanac for finding Greenwich hour 
angle and declination, and the computation of 
meridian angle from Greenwich hour angle, will 
be considered^ 

1202. MARINE SEXTANT 

Previously introduced in Art, 308, the sextant 
(figure 12-3) is used to measure altitudes of 
celestial bodies above the visual horizont Meas- 
urement is effected by bringing into coincidence 
the images, one direct and one reflected, of the 
visual horizon and the celestial body. The sextant 
was so named because its arc represents approx- 
imately one-sixth of a circle. Nevertheless, 
because of its optical principle of double re- 
flection as briefly described herein, the sextant 
can usually measure twice as much arc, or 
something greater than a third of a circle. Its 
optical principle was first described by Sir Isaac 
Newton and later independently rediscovered in 
1731 by Hadley in England and Godfrey in 
Philadelphia. 




ALTITUDE INTERCEPT "A" IS 
"AWAY", AS ALTITUDE OBSERVED 
IS LESS THAN COMPUTED. 

190.19 
Plot of LOP. 



The marine sextant consists of the following 

parts: 

A, Frame — Support for other parts. 

B, Limb — An arc (approximately 1/6 of a 
circle) graduated in degrees. 

C, Index arm — Arm pivoting from center of 
curvature; lower end indicates reading on limb 
and mounts the micrometer drum. 

D, Micromeier — Provides a scale for read- 
ing minutes and tenths of minutes. 

E, Index mirror — Mirror on upper end of 
index arm which is perpendicular to the plane 
of the limb. 

F, Horizon glass — A glass window, the left 
half of which is clear glass and the right half 
a mirror, mounted on frame and parallel to the 
index mirror at an instrument setting of 0 de- 
grees. 

G, Telescope- Inserted in collar attached to 
frame to magnify field of vision. 

H, Index and horizon filters (in some instru- 
ments, shades). 

The optical principle upon which the sextant 
is based is that the angle between the first and 
last direction of a ray of light that has undergone 
two reflections in the same plane is twice the 
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29.268(190) 
Figure 12-3»— Marine sextant. 



angle that the two reflecting surfaces make with 
each other. 

To make a reading wivh the sextant> set the 
index arm to 0 degrees. Look through the mirror 
half of the horizon glass at the celestial body 
which also appea* s in the clear glass half. Move 
the index arm fo Vc rd slowly > at the same time 
tilting the instrument iorwardi until the reflected 
image is in coincidence with the horizon. Fine 
adjustment may then be made using the microm- 
eter drum on the index arm. Read altitude in 
degrees on the limbi read minutes on the forward 
movable part of the drum at the 0 mark> and read 
tenths of a minute on the micrometer scale 
(which makes a 10:9 ratio with the minutes scale). 

In observing a star or a planet, bring the 
center of the star or planet into coincidence 
with the horizon. In the case of the sun^ normally 
the lower limb (lower edge) is brought into coin- 
cidence; howeveri if the upper limb is more 
clearly defined^ an upper limb shot may be taken 
if so identified. Moon observationsi like sun ob- 
servations, may be of either limb. 



In observing stars, if difficulty is experienced 
in bringing stars to the horizon, the instrument 
may be inverted and the index arm moved to 
bring the horizon up to the celestial body without 
any tilt of the instrument or movement of the 
field of vision. 

When the horizon is "fuzzy," or indefinite 
directly beneath a celestial body, the navigator 
may face the reciprocal of its azimuth and use 
the sextant to measure the supplement of the 
altitude. When this is done in the case of the 
sun or the moon, if a lower limb observation 
is desired the navigator makes what appears 
to him to be an upper limb observation, other- 
wise he must add the sun's (or moon's diameter 
to the sextant reading. 

Before or after observing altitudes with the 
sextant, the navigator determines index correc- 
tion, a current error in his instrument. To do 
this, he sets the instrument on absolute zero and 
looks through the horizon glass at a distant 
horizon. If the horizon forms an unbroken line 
in both halves of the horizon glass, the index 
correction (abbreviated IC) is 0. 11 the line is 
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broken* hu Bhould niovu the micrometer drum 
until it is straight and read the disorepanoy be- 
tween absolute 0 and the corrected reading. If 
the corrected drum setting moves the ind^x arm 
to the right of 0 on the limb, the IC is additive. 
If Uie corrected drum setting moves the index 
arm to the left of 0 on the limb, the IC is sub- 
tractive. 

If a sextant is in complete adjustment the 
following will be true: 

(a) The index mirror will be perpendicular 
to the plane of the limb. 

(b) The horizon glass will be perpendicular 
to the plane of the limb. 

(c) The horizon glass will be parallel to the 
index mirror at absolute zero. 

(d) The line of sight of the telescope (if used) 
will be parallel to the plane of the limb. 

The index mirror is perpendicular to the plane 
of the instrument if the limb and its reflection 
appears in the index glass as an unbroken line. 
The horizon glass is perpendicular to the plane 
of the instrument if when tilted and set to 0, the 
horizon appears as an unbroken line in both 
halves of the glass. The horizon glass and the 
index mirror are parallel if at a 0 setting 
(untilted), the horizon appears as an unbroken 
line in both halves. To adjust, two set screws are 
associated with each mirror. Always slack off 
on one set screw before tightening its mate. In 
addition to the mirrors, the collar of the tele- 
scope should be adjusted if the extended line of 
sight (axis of the telescope) diverges from the 
extended plane of the instrument. 

Sextants are equipped with colored filters or 
shades for sun observations: these lenses pro- 
tect the navigator's eyes from the bright rays 
of the sun. 

An excellent marine sextant used today is 
known generally as the endless tangent screw 
sextant. 

1203. CORRECTING SEXTANT ALTITUDES 

The altitude of a celestial body as observed 
by a navigator does not necessarily correspond 
to the altitude measured from the celestial 
horizon. To differentiate, we abbreviate sextant 
altitude as Hs and observed altitude as Ho. 
Sextant altitude (Hs) is corrected or converted 
to Ho by applying corrections for the following: 



INDEX CORRECTION (IC).-A correcUon 
peculiar to an individual instrument and change 
able in value. May be a plus or minus oorrac- 
tion. 

DIP (D).~The horison from which measure- 
ment is referenced depends upon the altitude 
(height above sea level "A the observer); at 
higher altitudes the horison is at a greater dis- 
tance and sextant altitude will read in excess 
of altitude based upon the true celestial horicon. 
Dip is always a minus correction and increases 
with the height from which the observation is 
made. 

REFRACTION (R).~When the rays of Ught 
pass from a less dense medium (q;)ace) to a 
more dense medium (earth's atmosphere), they 
are bent toward the vertical, resulting in the 
celestial body appearing higher than its actual 
position. Refraction error is maximum at low 
altitudes, making observations of bodies having « 
altitudes less than ID degrees less reliable; the 
error decreases at higher altitudes, and is zero 
at an altitude of 90*. The correction for refrac- 
tion is always a minus correction. 

AIR TEMPERATURE — ATMOSPHERIC 
PRESSURE (TB). — An additional correction for 
refraction due to nonstandard atmospheric con- 
ditions. May be a positive or negative oorrection. 

PARALLAX (P). — The center of the earth is 
considered to be the center of the celestial sphere. 
For all bodies beyond our solar system, the dis- 
tance is so great as compared to the radius 
of the earth that the latter is of no consequence. In 
the case of bodies within our solar system, their 
distance is not so great when compared to the 
earth's radius and we must take into accoimt the 
earth's radius to reduce the sight to the altitude 
as measured from the center of the earth. 
Parallax at altitude 0' is called horizontal paral- 
lax (HP). Parallax is always a plus correction, 
and is maximum at altitude 0*. 

SEMIDIAMETER (SD). — Tabulated Astronom- 
ical data is normally based upon the center of 
celestial bodies. However, it is not practicable 
to measure the altitude to the center of either 
the sun or the moon as their diameters are 
wider and their centers do not afford a definite 
reference for measurement. Accordingly, all 
measurements a:;e made to either the upper 
limb (upper edge) or lower limb (lower edge), 
abbreviated UL and LL respectively, and the 
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semidltmeter is subtraotad or added as appro- 
priate. AUoi tables may be compiled so that 
semidlaineter is always a plus oorreotlon. 
Whether the upper limb or the lower limb of the 
sun or moon is used depends upon which limb 
is most oloftTly defined. 

AUGMENTATION (A). -An increase in the 
semidiameter of the moon which increases with 
altitude. Correction has the same sign as the 
semidiameter. 

IRRADIATION (J). — Correction for the ex- 
pansion of the upper limb of the sun and the con- 
traction of the horison because of optical Illusion. 
Always a negative correction. 

PHASE (F). — A correction for compensation 
for the difference between the apparent and actual 



centers of the plannts Venus and Mars. It may 
be positive cr negative* 

These corrections may be summariced as 
shown in Table 12-li the letters "NA" signify- 
ing " Nautical Almana c." Corrootions (1) and (2) 
for instrument error" and height of eye (dip) 
are applied to the sextant altitude (Kn) to deter- 
mine the apparent altitude (Ha), which in turn 
Is used as the argument for entry in the other 
tables by which corrections (3) and (4) are com- 
puted. However, for simplification of oomputa- 
tionsi Ha is generally computed mentally and 
all corrections are totaled and applied to Hs to 
find Ho. 

Note 1: 

In tables A-2 and A-3 for the sun, separate 
corrections are given for "Oct. - Mar." and 
"Apr. - Sept." 



Table 12-1. - Corrections to sextant altitudes 



Correction 


Applies to 


Found 


Corrects 


+ or - 


Notes 


(1) 


Index 


All sights 


Sextant 


IC 


Either 




(2) 


Height of 
eye 


All sights 


NA, Table 
A-2 and 
Inside of 
back cover 


D 


Minus 




(S) 


Altitude 


Stars & 
Planets 


NA, Tables 
A-2, A-3 


R 


Minus 








Sun 


NA, Tables 
. A-2, A-3 


R, P 
& S.D. 


+(LL) 
-(UL) 


See Note 1 






Moon 


NA, Inside 
back cover 


R. P 
A & S.D. 

(Standard 
values) 


Plus 


See Note 2 


(4) 


Additional 


All sights 


NA, Table 
A-4 


TB 


Either 








Venus & 
Mars 


NA, Table 
A-2 


P, F 


Plus 


See Note 3 






Moon 


NA, Inside 
back cover 


P 


Plus 


See Note 2 



190.21 
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Note 2: 



The altitude and additional oorreotiona for the 
moon are to be ' added regardless of which 
Umb is observed, but 30* must be subtraoted 
from the apparent aiatuoe in an upper ifmo 
observation. Horizontal paral'ax (HP) is taken 
from the daily page of the NA for use as 
argument for entry in the table for the addi- 
tional alt* oorr. 



Note 3: 



The correction In table A-2 for Venus applies 
only when the sun Is below the horizon, (For 
daylight observation of Venusi parallax ai^d 
phase are computed directly using the formula 
p cos H - k cos (y, where H is the altitude* 
0 Is the angle of the planet between the 
vertical and the sun. and p and k are func- 
tions for purallax and phase related to dati^s, 
and recorded in the explanation pages in 
back of the Nautical Almanac,) In actult 
practice! the additional computation tor 
daylight observation of Venus can be omitted. 



EXAMPLE 1: 



Given: 



Required: 
Solution: 



Hs of the sun (lower limb) Is 69-18.7' 
on 1 Jan 1970. Height of eye Is 64 
feet. IC Is plus 1.5*. Standard at- 
mospheric conditions. 

Ho. 



Corrections 

IC 

HE 

Alt. 



Sum 



Hs 
Ho 



Plus 



1.5 

15.8 
+17,3 



Minus 



7.8 



-7.B 



■7.8 
-t-9.5 
69-18.7' 
69-28.2 



Note: Thero is no additional correction for the 
sun from Table A-4 because the altitude 
exceeded 50°. 



EXAMPLE 2i 
01 vent 



Required: 
Solution: 



Hs of Venus le 17-10.6* on 2 Jan. 
1970. Twilight obaervatton. Height 
of eye is 37 feet. IC Is -1.0'. Temp. 
62* Fi Bar. pressure 30.00 In. 
Ho. 



Corrections 

IC 

HE 

Alt. 

Add. 

Sum 



Plus 



0.2* 
"TO" 



Minus 

5.9 
3.1 



Hs 

Ho 



*0.1 From Table A-2i 
0.1 From Table A-4. 



-l6.6 
■tO.2 
-9.8 
17-10.5 
17-00.7 



EXAMPLE 3: 
Given: 



Required: 
Solution: 



Hs of the moon's lower limb is 
26-19.5* at 1200 GMT on 3 Jan 1970. 
Height of eye is 49 feet. IC is plus 
2.0' . Barometric pressure and temp- 
erature normal. 
Ho. 



Corrections 

IC 

HE 
Alt. 

Add. 



Plus 
2,0 



Minus 



6.8 



Sum 



Hs 

Ho 



60.4 
5.6* 
4-68.0 -6.8 
-6.8 
+51.2 
26-19.5' 



27-20.7 

*H.P. From Daily Page is 58.2 

Note: Had this been an observation of the upper 
llmbi an additional -30' correction would 
have been applied. 

EXAMPLE 4: 



Given: 

Required: 
Solution: 



Hs of Capella is 54-10.5', Height 

of eye is 30 feet, IC is 0,0, 

Ho, 



Corrections 

HE 
Alt, 



Hs 
Ho 



Plus 



Minus 

5,3 
0,Y 
-6,0 
54-10,5' 
54-04,5' 
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1204, PINDINQ QUKKNWICH HOUR ANGLE 
AND M£mDlAN ANGLE 

The Nftutlol Almantc taijuUtess 

a« For eaoh hour of GMT, the GHA of the 
flret point of Ariesi navigational planets* sun» 
and moon* 

b« The SHA's by dates for all navigational 
stars* 

0. Additional inorements of GHA for minutes 
and seconds elapsed after the hour. 

The first step in finding meridian angle *'t" 
is the computation of GHA which is accomplished 
as follows: 

SUN. — Using GMTi and Greenwich date of 
observation, enter Nautical Almanac and record 
tabulated hourly value of GHA. Turn to the 
yellow pages of the Nautical Almanac* and enter- 
ing with the minutes and seconds after the hour, 
find the increase in the sun's GHA since the 
last tabulated (hourly) value. Add the tabulated 
value and the increase for elapsed minutes and 
seconds. 

MOON AND PLANETS.— Proceed as with tho 
sun* but record a code value identified as "v*' 
together with sign which appears at the foot of 
the GHA sub-column for planets* and to the right 
of each tabulated GHA for the moon. Find the 
sum of the hourly value and the minute-second 
increment, as in the case of the sun, but using 
column headed "moon" or "sun-planets" as 
appropriate, then apply a code correction accord- 
ing to the sign of the code. This code correction 



EXAMPLE 1: 

Given: 1 Jan. 1970, ZT 11-18-45, Long. 
71-30 W. 

Required: GHA and t of sim. 

Solution: 



iB found in the yellow pages of tho Nautical 
Alwanaot entering with minutes elapsed Binoe 
beginning of hour, and the code. The code cor- 
rection IB alwi^B plus for GHA except in the 
case of the inferior planet Venus, which has an 
orbit InBlde the earth's orbit. Its apparent motion 
westward, as compared with the sun's motion, 
BhowB that Venus has a numerically lesser, 
relative speed; when its correction should be 
subtracted, the code letter "v" will be prefixed 
by a minus sign. The purpose of the code cor- 
rection is to simplify interpolation and to keep 
tabulated values at a minimum. For the planets* 
the code correction makes possible the use of 
the GHA value for minutes and seconds as 
tabulated for the sun. 

STARS. — Determine the SHA from the daily 
page, entering with the star name and Greenwich 
date. Find the GHA of r in the same manner as 
used to find the OHA of the sun (except that in 
the yellow pages a separate column is provided 
for f ). Adding the GHA of T and the SHA of 
the star we find the GHA of the star. 

A code correction is never used in connection 
with the sun's GHA, the GHA of T, or the SHA 
of a star. To convert GHA to LHA, and LHA to 
meridian angle (t), the following relationships, 
as developed in art. 1004, are used: 

LHA = GHA - W\ 
LHA = GHA + EK 
GHA* = GHAT + SHA* 

LHA > 180, 1 = 360 - LHA, and t is east. 
LHA < 180, t « LHA, and t is west. 

The following examples illustrate the complete 
problem of finding GHA and "t": 




Tn 



ZT 11-18-45 1 Jan. 

•ZD ^ (71-30/15) 

GMT 16-18-45 1 Jan. 

GHA (16 hrs.) 59-06.0 

Min-sec (18-45) 4-41.3 

GHA of sun 63-47.3 or 423-47.3 

Long. -71-30.0 W. 

LHA 352-17.3 

t = 360 - LHA or 7-42.7 E, 
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EXAMPLE 2: 

Qlvem 2 Jan. 1970, XT 09-19-55, Long. 
169-15 E. 

Required: QHA and t of moon* 

Solution: 



ZT 09-19-65 
gP -11 
QSiT 22-19-55 
QHA (22 hre.) 
Mln-sec (19-56) 
Code Corr. 
QHA of Moon 
Long. 



LHA 

t « LHA or 



2 Jan. 

(169-15/15) 
1 Jan. 

231-39.4 (13.6) 
4-46.1 

■ ■ J»6 
236-29.0 

♦ 169-15.0 E. 
405-44.0 

- 360-00.0 
45-44.0 
45-44.0 W. 




6 m 



EXAMPLE 3: 
Given: 



Required: 
Solution: 



2 Jan. 1970, 
110-10 W. 



ZT 18-20-00, Long. 



QHA and t of Venus. 



ZT 

ZD 



18-20-00 
t-7 

GMT 01-20-00 
GHA (01 hr.) 
Mln-sec (20 min) 
Code Corr. 
GHA of Venus 
Long. 
LHA 

t = LHA or 



2 Jan. 
(104-10/15) 

3 Jan. 

199-34.6 (1.0) 
5-00.0 
- 0,3 
204-34.3 
110-10.0 W. 
94-24.3 
94-24.3 W. 




EXAMPLE 4: 

Given; 3 Jan. 1970, ZT 06-00-00, Long. 

92-00 E. 

Required: GHA and t of Vega. 

Solution: Using star name, enter SHA table 
on daily page; SHA is 81-01.6. Find 
GHA of Aries. 



ZT 
ZD 



06-00-00 
-6 



GMT 00-00-00 
GHAT (00 hrs.) 
SHA of Vega 
GHA of Vega 
Long. 
LHA 

t = 360 - LHA or 



3 Jcui. 
(92-00/15). 
3 Jan. 
102-12.1 

81-01.6 
183-13.7 
■t-9 2-00.0 E. 
275-13.7 

84-46.3 E. 
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In the actual practlco of eight reduotlon« an 
^^aBBumed lons^tude*' la uaed in lieu of the 
^'actual longitude,** ThlB procedure aimpUfies 
subsequent computation as it permits the 
assumption of a longitude which, when combined 
with the QHAi results in a looal hour angle, 
and a meridian an^e, in even degrees. For 
example, in west lon^tude, the longitude assumed 
should include precisely the same number of 
minutes (and tenths of minutes) as the QHA; 
upon subtracting the assumed longitude the re** 
malnlng local hour angle will result accordingly 
in even degrees. In east longitude, the longitude 
assumed should include the number of minutes 
(and tenths) which when added to the GHA will 
also result in a local hour angle, and **t,** in 
even degrees. In using this procedure, alongitude 
should be assumed within 30* of the navigator's 
best estimate of his position, 

1205, FINDING DECLINATION 

The Nautical Almanac tabulates declination 
for the sun, moon» and navigational planets for 
each hour of GMT, At the foot of each declination 
sub-column which applies to the sun or planets, 
a code may be found which is useful for inter- 
polation for any nxmiber of minutes. The code 
follows each tabulated declination of the moon, 
since the moon's declination changes rapidly as 
compared to the declination of the sun and 
planets. To find the change in declination for a 
part of an hour, enter the yellow pages with the 
number of minutes and the code. The tabulated 
declination is prefixed by either an N or S» 
indicating north or south declination, respectively; 
the sign of the code correction for elapsed 
minutes must be determined by inspection of 
the declination column, noting if declination is 
increasing or decreasing, between the two hours 
in question. Combine the tabulated declination 
and the code correction and label the result with 
"north*' or south' • as appropriate. 

To find the tabulated declination of a star, 
enter the daily page with the star name and 
Greenwich date. No code correction is necessary 
since the declination is relatively constant and 
can not be ejq)ected to change within any 3 day 
period, 

EXAMPLE 1: 

Given: GMT 11-18-45 2 Jan, 1970, 

Required: Declination of the sun. 

Solution; Declination (11 hrs,) S 22-56,1 (0,2) 
Code Correction -0,1 
Declination 22-56,0 South 



EXAMPLE 2: 

Given: QMT 18-19-25 1 Jan, 1970, 
Required: Declination of the moon. 
Solution: DeoUnatlon(18hrs,) S 10-41,3(14,3) 
Code Correction ^4,6 
Declination 10-45,9 South 

EXAMPLE 3: 

Given: GMT 05-18-26 3 Jan, 1970, 
Required: Declination of Saturn, 
Solution: Declination (5 hrs,) N 9-49,8 (0,0) 
Declination 9-49,8 North 

EXAMPLE 4: 

Given: 2 Jan, 1970, 
Required: Declination of Dubhe, 
Solution: Tabulated declination of Dubhe is 
61-54,5 North on 2 Jan, 1970, 

In most celestial computations, GHA and de- 
clination are determined concurrently rather than 
separately, thereby saving time In obtaining vital 
data from the almanac, 

1206, GHA AND DECLINATION 
BY AIR ALMANAC 

The Air Almanac, as Introduced In Art, 412, 
may also be used for the determination of GHA 
and declination. Issued thrice annually, each 
volume tabulates data for a four month period. 
Based upon GMT, the daily pages tabulates the 
GHA and declination of the sun, moon, Venus, 
Mars, Jupiter, and Aries at ten minute Intervals, 

To determine GHA and declination of the sun, 
the planets, and the moon, enter the Air Almanac 
with the GMT, nearest and prior to, the actual 
GMT, The declination tabulated requires no In- 
cremental correction. The GHA, however, will 
normally requtre an incremental correction, 
tabulated for minutes and seconds on the Inside 
front cover; one column provides the correction 
for the sun and the planets, (and for Aries), and 
a separate column provides for the moon. If a 
precision of 0,1' is desired for the GHA of the 
sun (or for Aries), special tables in the back of 
the Air Almanac should be used. The Incremental 
corrections are always additive. 

To find the GHA of a star, the GHA of Aries 
must be determined, and added to the SHA of 
that star. The GHA of Aries Is found by using the 
same procedure as In the case of the sun. The 
SHA of a star, and Its declination, is found in 
the inside front cover of the Almanac, tabulated 
to the nearest minute for a four month period. 
If greater precision is desired, separate tables 
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provide such by month for SHA and declination to 
an accuracy of 0.V in the back of the Air Almanao> 
The Air Almanaot although less preoiae than 
the Nautical Almanac, may be used in the cor- 
rectlon of sextant altitudes* 



1207. SOLUTION OF THE ASTRONOMICAL 
TRIANGLE BY H.O. 214 

There are several methods for solving the 
astronomical triangle, and each method has 
certain advantages over the others. However, 
for combined accuracy, completeness, conven- 
ience, and availability, the method that makes 
use of Tables of Computed Altitude and Azimuth 
(H,0, 214) has been generally preferred. H,0. 
214 consists of nine volumes, one for each 10 
degrees of latitude. Each volume is divided into 
sections, each section tabulating solutions for 
a single degree of latitude. Vertical columns 
within a section are headed by declination values, 
usually at intervals of 30'. On the left hand page, 
solutions are for cases in which latitude and 
declination are of the same name* On the right 
hand page, solutions are usually for cases in 
which latitude and declination are of contrary 
names; however, when it is possible for meridian 
angle to exceed 90 degrees with declination and 
latitude being of the same name, the left hand 
page tabulations may be continued on the right 
hand page and so identified. Horizontal lines 
are labeled with meridian angle, identified not 
as but as H.A., with each line or entry 

being 1 degree apart. Against meridian angle, 
declination, and latitude, the tabulated altitude 
(Ht) and azimuth angle («), identified as **Alt** 
and '^Az»' respectively, are gi^'*3n. H.O. 214 
then affords solutions for all possible astronomi- 
cal triangles except those based upon certain 
circumpolar stars having declinations extremely 
high and not tabulated. Solutions by other methods, 
H.O. 249, H.O, 229, and H.O. 211, are briefly 
described in Articles 1209-1211. 

A logical approach to the solution for a line 
of position would be to locate the GP (geographic 
position) by GH/\ and declination, and using the 
GP as centeri draw a circle with a radius equal 
to the co-alt in degrees multiplied by 60 (co-alt 
in minutes or miles), thus arriving at our locus 
of position (called a circle of equal altitude). 
Since the distance of an observer from the GP 
is a fimction of the altitude of the star, the 
altitude would remain constant for a ship travel- 
ing in a circle having the GP as center; as the 
radius increased, the altitude would decrease. 



and as the radius deoreasedi the altitude would 
increase. Since p^o oiroles may intersect at 
two pointBi two poBitiona are possible as the 
result of two observations. Howeveri the correct 
position could be chosen 1^ considering the 
azimuth. 

The plot of circles of equal altitude is im- 
practical since the navigator for greater accuracy 
uses a large scale chart depicting an area too 
small to accommodate a plot containing both 
the op's and the points of intersection of circles 
of equal altitude. For this reason, in our H.O. 
214 solutioni we plot an assumed position (AP), 
and for that position solve for the altitude and 
azimuth for a given time. The computed altitude 
(He) is the altitude which would be observed if 
the navigator had been at the assumed position 
at the ^ven time, and the complement of the 
computed altitude, converted to nautical miles, 
is the distance to the GP from the assumed 
position, measured along the asimuth. The ob- 
served altitude thus locates the circle of equal 
altitude which is the observer's locus of posi- 
tion. The difference between the computed altitude 
(He) and the observed altitude (Ho) is the distance 
between the assumed and the actual circles 
of equal altitude and is called altitude di^er- 
ence or intercept, abbreviated ''a.** 

If He is greater than Ho, intercept is labeled 
*'away*' because the actual position is at a 
greater distance from the GP than the assumed 
position, conversely, if the He is less than the 
Ho, the intercept is labeled "toward" because 
the actual position is nearer the GP than the 
assumed position. A thumb rule is "Coast Guard 
Academy" meaning "computed greater away.** 
See figure 12«1. 

To plot a line of position, using the altitude 
intercept method as introduced in Art. 1201, 
locate and plot the AP; through the AP plot the 
azimuth line. Along the azimuth, measure a 
distsuice equal to the intercept. This is meas- 
ured from the AP, along the azimuth in the 
direction of the GP if "toward," and the recipro- 
cal of the azimuth (away from GP) if "away." 
At the point on the azimuth line established by 
the intercept, erect a perpendicular to the azimuth 
line; this perpendicular is a celestial line of 
position, and the intersection of two or more 
such lines of position will provide a celestial 
fix. The LOP is labeled with the time expressed 
in four digits above the line and the name or 
symbol of the celestial body below the line. 
See figure 12-2. 

The Nautical Almanac is generally used in 
conjunction with the appropriate volume of H.O. 
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214 to compute Inturoept and azimuthi Tto 

•tops In the solution a^e; 

A, Correct Hei and determine Ho* 

b« Apply zone description to sone time of 

sight and local date to find the Greenwich mean 

time and Greenwich date. 

c. With GMT, enter the Nautical Almanac 
and compute QHA. 

d. With GMT, enter the Nautical Almanac 
and compute declination. 

e. Assume a longitude which, when applied 
to the GHA (added if east longitude and sub- 
tracted if west longitude), results in a LHA 
in even degrees. This will later make it un- 
necessary to interpolate for t. 

f. From LHA, compute t. 

g. Assume a latitude in even degrees to make 
It unnecessary to interpolate for latitude. When 
assuming latitude and longitude, the assumed 
position should be within 30 minutes of the esti- 
mated or DR position. 

h. Enter H.O. 214 with t, dec. (to the nearest 
tabulated value), and assumed latitude. Record 
the tabulated altitude (Ht). and the azimuth angle 
(«). To interpolate altitude for declination dif- 
ference, record the Interpolation factor known 
as id wnich Immediately follows the tabulated 
altitude. Note the value of Ht in the adjoining 
declination column having a declination value 
which is second nearest to the actual declina- 
tion. If the previously recorded Ht is the least 
of the two values, the is a plus value; if the 
previously recorded Ht is the greater of ttie two 
values, the ^d is a minus value. Multiply the 
Ad value, which is in hundredths, by the dif- 
ference between the actual and the tabulated 
declination with which H.O. 214 was entered (in 
minutes and tenths of minutes) to find the cor- 
rection to tabulated altitude (Ht). This may be 
e7q)edited by using a self e^qplanatory multiplica- 
tion table in the inside back cover of eaca 
volume of H.O. 214. Apply the correction (accord- 
ing to the sign of Ld) to Ht. This will provide 
the computed altitude (He); numerically, the 
value of He will lie between the Ht's of the two 
declination columns which are nearest and 
"bracket" the actual declination. In sight re- 
duction, it is not necessary to inturpolate azimuth 
angle for declination difference. 

i. Compare He and Ho. Compute intercept 
by subtracting the lesser from the greater. Label 
intercept as toward (T) or away (A). 

j. Label azimuUi angle making the prefix 
the sign of the elevated pole (latitude) and the 
suffix the sign of the meridian angle. From 
azimuth angle, compute and record azimuth (Zn). 



Summarised, the solution for a line of posi- 
tion Is as followe: 

a. Enter Nautical Almanac with: 

(1) He of celestial body. 

(2) IC of sextant. 

(3) Height of eye. 

(4) DR or estimated position, 

(5) Zone time, zone description, and date* 

b. Compute, and enter H.O. 214 with: 

(1) Meridian angle (t). 

(2) Declination (dec). 

(3) Assumed latitude, 

0, Compute and use in conjunction with as- 
sumed position to plot LOP: 

(1) True azimuth (Zn). 

(2) Intercept (a), 
d. Steps in plotting: 

(1) PlotAP. 

(2) Plot Zn through A P. 

(3) Measure intercept from AP along Zn 
in proper direction. 

(4) Erect a perpendicular to Zn at the 
altitude intercept distance from AP, 

(5) Label perpendicular as a celestial line 
of position. 

If it is apparent that an error has been made. 
Appendix H, which contains tiiie mechartics of 
error finding, may be consulted. 

EXAMPLES OF SOLUTIONS 

EXAMPLE 1: 

Sun (LL) . Hs 24'*-46.8, IC -1.0, HE 36 ft., 
Lat. 35-2& N. Long. 77-42 W. at ZT 14-18-10 
1 Jan. 1970. Temp. SS^F, Bar. Press. 30.25". 

EXAMPLE 2: 

Venus. Hs 320-48.2, IC •<-1.8, HE 35 ft., Lat. 
32-40 N. Long. 51-15 W. at ZT 11-19-28 on 

1 Jan. 1970. Teiap. 50^., Bar. Press. 29.80", 
Daylight observation. 

EXAMPLE 3: 

Moon (LL) . Hs 66«^38.3', IC -2.0, HE 60 ft., 
Lat. 35-10 S. Long. 59-38 E. at 7.T 06-18-30 

2 Jan. 1970. Temp, and pressure normal. 

EXAMPLE 4: 

Peacock. Hs 42«»-39.6', IC -1.5, HE 20 ft., 
Lat. 36-18 S. Long. 82-03 W. at ZT 18-18-05 

3 Jan. 1970. Temp, and pressure normal. 

For solutions to examples 1 to 3, see the follow- 
ing page, a typical, multiple sight form. Example 

4 next following is a typical, single sight form. 
Appendix I contains an alternate sight form 
example. 



Chipttr la-nOHT ABDUCTION 



SOLUTIONS FOR EXAMPLES 1| 2» AND 3. 



DR POSIT 


Lat. 35-25 N , , 
Long. 77-42 W ^ J*" 


Lat. 32-40 N , , 
Long. 51-15 W *• J*n 


Lat. 35-10 S , . „ 
Long. 59-38 E ^ 


TIHE 

Arts AW0 

DIAGRAnS 


m 




nr 


if 


r 


n 


BODY 


SUN (LL) 


VENUS 


MOON (LL) 




Plus 


Minus 


Plus 




Plus 


Winaa^ 


I.e. 

H.E. 
Cor r . 
Add' 1 


14.2 


1.0 
5.8 

0.1 


1.8 


5.7 
1.5 


33.2 
4.3 


2.0 
7.5 


Totals 


14.2 6.9 


1.8 7.2 


37.5 9.5 


Hs 

Corr . 


24-46.8 
+7 . 3 


32-48. 2 
-5.4 


66-38.3 
+28.0 


Ho 


24-54.1 


32-42.8 


67-06.3 


WT 
WE 


This space, may bi 
time by the appl: 


i used to convert wat 
Lcation of watch errc 


:ch time to zone 
)t 


ZT 
ZD 


14-18-10 
+5 


11-19-28 
+ 3 


06-18-30 
-4 


GMT 
Date 


19-18-10 
1 Jan 1970 


14-19-28 
1 Jan 1970 


02-18-30 
2 Jan 1970 


GHA(hours) 
mln/sec 
Code Corr. 
SHA(Stars) 


104-05.2 
4-32.5 


35-08.6 
4-52.0 
(-1.0)-0.3 

360-00.0 


289-50. 0 
4-24.9 
(+13.4) 4.1 


Total GHA 
a LonR. 


108-37 . 7 
77-37 . 7W 


400-00.3 
51-00. 3W 


294-19.0 
59-41. OE 


LHA 
t 


31 
31W 


349 
HE 


354 
6E 


Dec. Tab. 
Code Corr. 


(-0.2) 22-59. 6S 
-0.1 


(-0.1) 23-37. 6S 
0.0 


(+14.0) 12-34. 8S 
+ 4.3 


Dec . 


22-59. 5S 


23-37 .6S 


12-39. IS 


Enter Dec. 
H.O. t 
214 a Lat. 


23-00. OS 

31W 

35N 


23-30. OS 

HE 

33N 


12-30. OS 

6E 
35S 


Ht 

Corr . 


d diff 0.5 Ad +88 
24-58.4 
+0.4 


d diff 7 .6 Ad -99 
32-32.1 
-7.5 


d diff 9.1 Ad +98 
66-51. 2 
+8.9 


He 
Ho 


24-58.8 
24-54.1 


32-24.6 
32-42. 8 


67-00. 1 
67-06. 3 


a 
Z 

Zn 


4.7 A 
N 148.5 W 
211. 5(T) 


18.2 T 
N 168.0 E 
168. OCT) 


6.2 T 
S 165 E 
015 (T) 


Advance* 









♦ See Art. 1208 
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SOLUTtON FOR EXAMPLE 4 
Peieoek 



BODY) 
DATBi 



DR POSITt 



LAT. 
LONG. 



86-18S 



a2-08W 



I.e. 


4 


u ■ 






H.E. 




4.8 




CORR. 




1.1 










-6.9 




*Vi — J 


Hs 


42- 


89.6 






Ho 

ZT 
ZD 


42- 
18-18-06 
+6 


32.7 


t 

dec. 
a. Lat. 
Ht 

CORR 


m 

6fiw 

56-50.2S 
36S 


GMT 
GHA T 
M-S CORR 


28-18-05 
88- 
4- 


3 JAN 
08.8 
82.0 


42-46.7 (-05) 
-0.5 






SHA* 


54- 


11.1 


Ho 


42-46.2 


GHA* 


146- 


51.9 


Ho 


42-82.7 


a. Long. 


81- 


51. 9 W 


a 


13.5A 


LHA 


65 




Z 


S042.3W 



Zn 



222.8 



1208. PLOTTING THE C£LESTL\L FIX 

In celestial navigation, lines of position are 
rarely obtained simultaneously: this is especially 
true during the day when the sun may be the 
only available celestial body. A celestial line 
of position may be advanced for 3 or 4 hours, 
if necessary to obtain a celestial running fix 
(fig. 12-4) in the same manner as described in 
chapter 7. It may also be advanced by advancing 
the AP in direction and distance an amount 
consistent with the ship's travel during the 
interval between two successive observations. 
In the latter procedure, the azimuth line IsdraNvn 
through the advanced AP without any change in 
direction: the advanced LOP is drawn perpendlj^- 
ular to the azimuth, a distance from the AP 
equal to the intercept, and toward or away from 
the GP as appropriate. 



At morning and evening twilight, the navigator 
may succeed in observing the rjuf vdes .jf a 
number of celestial bodies in ^ fe^ minutes 
and thus establish a celestial fix. If 2 or mox*e 
minutes elapse between observations, the navi- 
gator muui. consider: 

a. elapsed time: 

h. speed of ship; and 

c. scale of the chart or plotting sheet: 

to determine whether or not a more accurate 
fix can be obtained by advancing AP's to a 
common time. It is possible during the day to 
obtain r celestial fix rather than a celestial 
running fix if two or more of the three following 
bodies are visible: 

a. sun: 

b. moon; 

c. Vonus. 
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EXAMPLE 1— St«r plotting problem (!lg. 12-3): 

Olwa. The 063S OR poeltlon of your ship is Lat, 36 N.» Long, 120W. 
Between 0600 and 0700 your course is 000 (T), speed 20 knots. At 
morning twilight, you observe available stars and through computations 
obtain the following data: 



Time 

0610 
0620 
0635 



Body 



a Lat 



Vega 36N 
Peaoook 36N 
^wsnopus 36N 



a Long 

120-36W 

119- 5SW 

120- 20W 



Advance* 

8.3 
5.0 
Baao 




6.0T 
24.0A 
10.3T 



* Computation of advance is necessary because the stars were not 
observed simultaneously, and to fix our position, we must use a common 
time (preferable method is to choose as a common time the time of the 
last sight). To use a common time we adjust our AP's, except the case 
of the A P of the star observed at the common time (in this problem, 
Canopus, which is considered the base star). Advance is computed as 
follows: 



Body 

Vega 
Peacock 

Required: 
Solution: 



Time 

0636-0610 -= 
0636-0620 « 



Speed Distance of Advance 

25 min. 20 kts. 8.3 mi. 

16 min. 20 kts. 5.0 ml. 



b. 
c. 

d. 



Plot the 0635 flx« 

a. Label plotting sheet with center meridian as 120 W. 
Plot 0635 DR. 

Plot AP's of Vega. Peacock, and Canopus, using assumed 
latitude and longitude. Label AP's. 
Advance AP Vega in direction 000 a distance of 8.3 mi. 
Advance AP Peacock In direction 000 a distanoe of 5.0 
ml. Erase old AP's of Vega and Peacock, if desired, 
e. Plot azimuths, intercepts, and LOP's. Label LOP's nnd 
fix. 

NOTE: If the reason for advancement of earlier AP's Is not clear, 
then the following exercise should be completed: 

Ee Plot AF's of Vega, Peacock, and Canopus using assumed latitude 
and longitude. Label AP's. 

b. Plot aaimuths, Intercepts, and LOP's. Label LOP's, 

c. Advance LOP Vega and LOP Peacock In direction 000, In accord- 
ance with the procedure In plotdng nmning fixes In piloting. 

d. Check latitude and longitude of fix against coordinates obtained in 
previous method of solution. 

ANSWER: Lat, 36-10.5 N; Long. 120-23.0 W. 



1209. SIGHT REDUCTION BY H.O, 249 

Designed for aerial use, aght Reduction Tables 
for Air Navigation (H.O. 249) are useful in both 
air and surface navigation, when in the latter 
case, somewhat less precision is acceptable. 
See Appendix I, These tables, similar to H,0, 
214, oonsist of three volumes. The first volume 
is used for seven stars, selected on the basis 
of azimuth, declination, hour angle, Emd mag- 
nitude, and to provide such distribution or con- 
tinuity as to be generally useful worldwide. 



Volume I differs from H.O, 214 in that the 
arguments for entry are the LHAT and the 
name of the star, rather than meridian angle, 
declination and assumed latitude; it also differs 
in that altitudes emd azimuths are recorded to 
the nearest minute and nearest degree respec- 
tively. Additionally, and more conveniently. 
Volume I tabulates the true azimuth (Zn) rather 
than azimuth angle (Z). 

Volumes n and in have greater similarity 
to H.O. 214 than to Volume I, Volume II pro- 
vides altitude and azimuth solutions for latitudes 
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0* to 39*i Volume UI provides for latitudes 40* 
to 89% These two volumes provide for bodies 
having declinations as great as 29", and thus 
are useful In sight reduction of all bodies within 
the solar system and for stars having a declina- 
tion of 29* or less. Entering arguments are 
latitude, declination of same or contrary name, 
and LHA, all to the nearest degree. Longitude 
is assumed so as to provide an even degree of 
LHA. Unlike Volume I, Volumes U and HI record 
azimuth angle (Z) rather than true azimuth (Zn). 
Inasmuch as these tables are designed primarily 
for aviation use, LHAs are included for stars 
with a negative altitude as might be visible from 
an aircraft. 

In all volumes of H.O. 249, whenever the 
declination is not an even degree, as is the usual 
case, the next lower declination column is used; 
to correct the tabulated altitude for the declina- 
tion difference, a factor called *'d,** recorded 
after each tabulated altitude, must be multiplied 
by the declination difference, and applied ac- 
cording to sign to the tabulated altitude. Multi- 
plication tables are conveniently located in the 
back of each volume for determining chls cor- 
rection. 

1210. SIGHT REDUCTION BY H.O. 229 

Sight Reduction Tables for Marine Naviga- 
tion (H.O. 229) is the marine or surface counter- 
part of H.O. 249 and will eventually supersede 
H.O. 214. See Appendix J. It is issued in six 
volumes, with one volume for each 15* band of 



69.76 

Figure 12-5.— Star fix. 



latitude. Each volume is divided into two see** 
tions, based upon latitude, and contains tabulated 
altitudes and azimuths for 16* of latitude. For 
example, the two sections of Volume I are 
applicable to latitudes of 0* to 7* and 8* to 10* 
respectively; data pertaining to 15* latituds li 
also contained at the beginning of the firet 
section of Volume II. An accuracy of 0.1' for 
altitude and 0.1* for azimuth angle may be 
attained in calculations through the use of ap" 
plioable corrections to the tabulated data. 

Entering arguments are latitude, deolinationi 
and local hour angle, all in whole degrees. Al- 
though H.O. 229 provides for entry with the 
exact DR latitude, the tables are intended to 
be entered with an assumed latitude of the 
nearest whole degree, and an assumed longitude 
which will result in a local hour angle of en 
integral degree. The local hour angle deter- 
mines the page of entry, upon which altitude 
and azimuth data is tabulated in columns headed 
by latitude entries; vertical columns on the ri^t 
and left margins of each page provides for the 
declination entry. For each entry of LHA, the 
laft hand page provides tabulations for latitude 
and declination of the same name. The right- 
hand page, upper portion, provides for latitude 
and declination of contrary name; the lower 
portion of the right-hand page is a continuation 
of the page to the left, and contains tabulations 
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for latitude and declination of the eame namoi 
as applicable to values of LHA in excess of 90* 
but less than 270^ 

As in the use of H.O. 249» the declination 
entry is the nearest tabulated value which is 
equGd to or numerically less than the actual 
declination. To the right of each tabulated altitude, 
under a column sub-headed as **d/* is the 
Incremental change in altitude based upon a 
declination increase of one degree* together 
with sign. An interpolation table is conveniently 
included! and is entered with the declination 
increase (difference oetween the actual declina"* 
tlon and the declination integer used as an 
argument of entry) and the altitude difference 
(d)« The interpolation table is entered in two 
steps. In the first* the declination increase* 
and even tens of minutes of altitude difference 
(d)i are used; in the second* the declination 
increase! and the remaining altitude difference 
(d) in minutes and tenths of minutes* are used 
to find the correction to altitude. In this step* 
decimals (tenths) may be found as a vertical 
argument. Values found in these two steps are 
combined and applied to the tabulated altitude 
in accordance with the sign of siltitude differ- 
ence (d). This is the first of two procedures 
known as difference corrections. 

For greater precisioni a second difference 
correction is sometimes appropriate. When this 
is the case, the value of "d*' is printed in 
H«0. 229 in italics and is followed by a dot. 
The second difference is found by CxOmparing the 
altitude differences above and below the base 
value; for example » if the declination argument 
for entry is 20^ the altitude difference values 
for 19^ and 21^ are compared* emd the difference 
between the two is the double second difference. 
Interpolation tables containi on their right-hand 
edge* a double column which is identified as a 
double second difference and correction column; 
this a critical table and correction values are 
taken therefrom directly. The second difference 
correction is always additive. As appropriate* 
first and second difference corrections are thusly 
obtained* combined* and applied to the tabulated 
altitude to determine computed altitude. 

H.O. 229 tabulates* following altitude differ- 
ence (d)* the azimuth angle (Z) to the nearest 
tenth of a degree. For greater accuracy* mental 
interpolation may be used* not only to correct 
the azimuth angle for the declination increase 
or difference* Uit also for differences in latitude 
and LHA. Rules are given on each page of H.O. 
229 for conversion of azimuth angle (Z) to true 
azimuth (Zn). 



The following sight reduction for the star 
Aldebaran illustrates the use of H.O. 229. 









M 


Local Date 






2 JAN 1970 


{( 




Course 


060* 






Speed 


15 kts 




Body Aldebaran 


BODY 




DR: 

Long 


34 

63 


15N 
45W 


ZT 


1740-19 


ZD 


•14 


GMT 
Gr Date 


2140-19 
2 JAN 


GHA (hrs) 


57 


04.7 


GHA (m & s) 


10 


06.4 


V corr or SHA 


291 


26.7 


Total GHA 


358 


37.8. 


a LonK 


63 


37.8 E ^ 


LHA 


295 


Dec Tab 


16 


27,2 _(R)S 


d. corr 


(±) 




Total Dec. 


16 


27.2 (N) S 


Enter 


LHA 




H.O. 


Dec 


16 




229 


a Lat 


34 


® S 


Dec Inc 






S6.1 


tens 


DS diff 


30 


13.6 


units 


DS corr 


.1 


•1-00 


Total corr ( +) 


13.6 


He (tab Alt) 


29 


24.1 


HC 


29 


37.7 


Sext. Corr. 


+ 




I.e. 


0.8 


Dip (36 ft) 


5.8 


Main Corr 


1.? 


Add'l 




SUMS 


0.8 


7.5 


Corr 


-6.7 


Hs 


29 


52.5 


Ho 




45.8 


He 


29 


37.7 


a 




Az (interpolate) 


089.4 


Zn 


089.4 


Advance 
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1211, SIGHT REDUCTION BY H.O. 211 

Based upon a oonoept developed the late 
Rear Admiral Arthur A. Ageton, while serving 
as a ijieutenant at the Postgraduate School, U.S. 
Naval Academy, Annapolis, and published by him 
in 1931, Dead Reckoning Altitude and Azimuth 
Tables (H.O. 211) have, in usefulness, stood the 
test of time. This volume, appropriately and 
popularly known as "Ageton,** includes formulas 
derived from Napier's rules, and in support of 
suok formulas, tables of log secants and log 
cosecants for each 0.5* of arc. In a small, 
compact volume of 49 pages, these tables are 
useful worldwide, regardless of declination or 



altitude. A unique feature is that the concept is 
based upon a DR, rather than an assumed, posi- 
tion. 

H.O. 211 advanced the practice of celestial 
navigation and was widely used until generally 
replaced by H.O. 214 during World War II. H.O. 
211 is briefly described herein because of the 
economy it offers; a single volume for sight 
reduction is all that is required. However, the 
advantage of its economy is perhaps more than 
offset today by the greater convenience of H.O. 
214, H.O. 249, or H.O. 229. For the navigator 
who wishes, nevertheless, to use H.O. 211, the 
Ageton method for sight solution or reduction is 
most adequately described therein. 
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OTHER CELESTIAL COMPUTATIONS 



1301. INTRODUCTION 

As important as sight reduction is to celes- 
tial navigationi knowledge of such alone will not 
suffice. Essential supplementary celestial com- 
putations are described in this chapter^ and in- 
clude the determination of: 

(a) Latitude by meridian sight; 

(b) Time of transit, including local apparent 
noon (LAN); 

(c) Latitude by Polaris; 

(d) Time of phenomena such as sunrise, moon- 
rise and twilight; 

(e) Identification of navigational stars and pla- 
nets; 

(f) Compass error by azimuth of the sun; 

(g) Compass error by azimuth of Polaris. 

1302. LATITUDE BY MERIDIAN SIGHT 

Since the latitude of a position may be deter- 
mined by finding the distance between the equi- 
noctial and the zenith, one needs to know only 
the declination and zenith distance (cc^altitude) 
of a body to determine latitude. The procedure 
involved has been used by mariners for many 
centuries because of its simplicity. Before the 
discovery of the Sumner line, and particularly 
prior to the Harrison chronometer, longitude was 
most difficult to compute. Accordingly, early ma- 
riners seized upon the technique of * latitude or 
parallel sailing,'' by which they traveled north 
or south to the known latitude of their destination, 
then east or west as appropriate, often using the 
meridian sight as their only celestial computation. 
The meridian sight as described herein is appli- 
cable to all celestial bodies, although in practice 
it is primarily used with the sun. As described 
in Art. 1304, latitude by Polaris, a polar star, 
is a special case of the meridian sight, and is 
procedurally a different computation. With this 
brief introduction, the meridian sight is now 
considered. 



When the altitude of a celestial body is mea- 
sured as it transits the meridian, we speak of 
the observation, and the subsequent solution for a 
line of position, as a * 'meridian sight.* * This sight 
includes observations of bodies on the lower 
branch of the meridian (lower transit) as well as 
on the upper branch (upper transit); circumpolar 
stars may be observed on either branch of the 
celestial meridian. In practice, how ver, bodies 
are seldom observed on the lower branch, and 
the sun is normally the only body observed. In 
polar latitudes, when the declination of the sun 
corresponds in name to the latitude of the ob- 
server, the sun may be observed when in lower 
transit, but generallyi meridian sights of the sun 
are made when it is in upper transit (LAN). 

The meridian sight is important for the follow- 
ing reasons; 

(a) It provides a celestial LOP without resort 
to trigonometry; 

(b) The intersection of the LOP, obtained at 
LAN, and advanced morning sun lines, establishes 
a celestial running fix; 

(c) It is practically independent of time; 

(d) The knowledge of the approximate position 
is unnecessary; and 

(e) The LOP is a latitude line, and is useful 
in latitude or parallel sailing. 

To observe a body when on the meridian we 
must first determine the time of local transit. 
This may be accomplished t?y one of the three 
following methods: 

(a) MAXIMUM ALTITUDE, — At upper transit 
the altitude of a celestial body is maximum for a 
particular 24 hour period. At lower transit the 
altitude is at a minimum. 

(b) AZIMUTH METHOD, — When a celestial 
body transits the meridian, unless it is in the 
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observer's cenlth (GP corresponding to the ob« 
lerver^B po6ition)i the asimuth will be either 
north <000) or south (ISO), 

(0) COMPUTATION METHOD. — Should the 
approximate longitude be knowHi it is possible to 
compute the time of transit. ThiSi the most com- 
mon methodi is described in article 1303. 

When making the observationi stand \yy with a 
sextant 5 minutes prior to the e^q^ected time of 
transit* Continuously measure the altitude. When 
the altitude commences to decrease (on an upper 
branch observation)! cease measurementi and 
record the highest attained value of altitude. 

The theory of the meridian sight may be con- 
densed as follows: 

(a) It is a special case of the astronomical 
triaiigle. Since the local celestial meridian and 
the hour circle coinoidei t equals 0 degrees and 
we are dealing with an arc rather than a triangle. 
Geometry I rather than spherical trigonometry i 
is necessary for solution. 

(b) The vertical circle i the hour circlei and 
the local celestial meridiani coincide. 

(c) The azimuth is either 000 or 180| except 
in the case of a body in the observer's zenith. 

(d) The declination of a body is the latitude 
of the GP. 

(e) The zenith distance of a bod^ is the 
angular distance between the GP of the body and 
the observeri measured along the meridian. 

(f) To find the latitude, it is only necessary 
to compute decliuation and zenith distance 
(co-*alt)i which may be combined after the deri- 
vation of the correct formula. 

To derive the correct formula, draw the half 
Q/. the celestial sphere which extends above the 
horizon, as viewed, by an observer beyond the 
west point of the horizon (fig. 13-1). The circimi- 
ference of this half circle represents the ob- 
server's celestial meridian which, as we have 
already noted, coincides with the hour circle 
and tlie vertical circle of the body. The zenith- 
nadir line, the equinoctial, and the polar axis, 
are all represented as radial lines extending 
outward from the observer's position at the cen- 
ter of the base line of the diagram. Label the 
north and south points of the horizon and the 
zenith. Depending upon the azimuth (north or 
south), using the observed altitude, measure 
from the north or south point of the horizon a- 
long the vertical circle and locate the position 
of the celestial body; label the position. Using 
the declination, locate and label the equinoctial 




190.27 

Figure 13-1.— Sun on meridian. 

(Q). If the declination is north, the body will be 
between N and Q; if the declination is souths 
the body will be between S and Q. Arc ZQ then 
equals the latitude of the observer. We can 
readily see the relationship between deoUnation 
and zenith distance, and derive formulae for the 
three possible oases, as follows: 

(a) Latitude and declination of different 
names: 

L = z - d 

(b) Latitude and declination of same name 
with L < d: 

L = d - z 

(c) Latitude and declination of same name 
withL > d: 

L = z + d 

The following special cases are worthy of 
note: 

(a) If Ho ^ d « 90^ then laUtude is 0 

(b) When latitude is nearly 0, and name of 
latitude unknown: 



(1) If (Ho ^ d) > 90, latitude is of the 
same name as the direction of the bocty. 

(2) If (Ho d) < 90, latitude is of contrary 
name to the direction of the body. 

(c) Ho plus polar distance eqvals the latitude 
at lower transit* 
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EXAMPLE 1: 



Given: DR Lat. 47-26 S, Long. 130-26 W. 2T 11-45-41 on 2 Jan. 

1970. Hs of Bun (LL) 65-18.3. Zn 000. IC + 2.0. Height 

of eye 44 feet. 
Required: Latitude of the observer. 
Solution: 



ZT 
ZD 

GMT 



11-45-41 2 Jan. 
t9 (130-26/15) 



Dec. S 22-54.1 Code -2 
Code Corr. -0.2* 
Dec^ 22-53.9 S 

*Dec. code -2 indicates that 
declination changes 0.2' north- 
ward per hour and therefore the 
change to the nearest tenth for 
45 min. Is also 0.2\ 



Plus Minus 
IC 2.0 

HE 6.4 
Corr. 15.8 

Sum *«-17.8 -6.4 = tlle4 

He 65-18.3 90 » 89-60.0 

Corr. tll.4 Ho 65-29.7 

iio 65-29.7 z 24-30.3 



(1) Plot sun using Ho and Zn (Draw diagram) 

(2) Plot Q using declination and position of sun. 

(3) Plot PS using Q. 

(4) ZQ equals latitude. Label angles or arcs in diagram which repre- 
sent dec, z, and latitude. 

(5) Formula is L z d 



z 24-30.3 
d 22-53.9 
Lat. 47-24.2-South 



1303. CO?4PUTING ZONE TIME OF LOCAL 
APPARENT NOON (LAN) 

The navigator, using the Nautical Almanac, 
computes zone time of the sun's upper transit 
to an accuracy which permits his being on the 
bridge with sextant in hand just prior to LAN. 
Of a number of methods available for determin- 
ing time of LAN, the GHA method is generally 
used, and for that reason is described herein. 

In west longitude, when the sun is on the 
meridian the GHA equals the longitude. In east 
longitude, when the sun is on the meridian the 
GHA is the explement of the longitude. These 
relationships are illustrated in figure 13-2. 

For the purpose of establishing a dead reck- 
oning position to use as an initial estimate, we 
may assume that the sun will transit our merid- 
ian at zone time 1200; we accordingly use the 
longitude of the 1200 DR position for computing 
the GHA of the sun at LAN, as LAN will occur 



between 1130 and 1230, plus or minus the equation 
of time (unless the observer is keeping u zone 
time other than standard time for his longitude). 
Enter the Nautical Almanac with GHA on the 
correct day, and determine GMT (the reverse 
of entering with GMT and finding GHA). In con- 
version of GHA to GMT, first select a value in 
the GHA column nearest, but less than, the sun's 
GHA. Record the GMT hours and subtract the 
GHA at the tabulated hour from the sun's prede- 
termined GHA at LAN. Enter the yellow pages, 
and in the column headed by Sun — Planets, lo- 
cate the remainder (minutes and seconds correc- 
tion to GHA), and record the minute sand seconds. 
Time — arc conversion tables are also sufficiently 
accurate for this computation. Combine hours, 
minutes, and seconds to obtain the GMT of LAN. 
Apply the zone description, reversing the sign, 
to obtain zone time of transit. 

The time of transit as computed above is the 
zone time the sun would transit the meridian of 
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EXAMPLE 2: 





Figure 13-2. 



190.28 

GHA of sun at LAN. 



the 1200 DR position. If this time differs from 
1200, and you are the navigator of a moving ves- 
sel, then obviously the sun will not transit your 
meridian exactly at the time computeu because 
of the difference in longitude between your posi- 
tion at 1200 and your position at your first esti- 
mated time of LAN. Ship's speeds are relatively 
slovr, and a second estimate is generally not 
considered necessary. However, if a secondesti- 
mate Is desired, plot the DR corresponding to the 
time of the first estimate. With dividers, deter- 
mine the difference in longitude (in minutes of 
arc) between the 1200 DR and the DR position 
corresponding to the first estimate of time of 
LAN. Convert the difference In longitude (in arc) 
to time, and apply as a correction to the zone 
time of the first estimate. Keeping in mind that 
the sun appears to travel from east to west, add 
the correction if the last plotted DR position is 
west of the 1200 DR, and subtract the correction 
if the last plotted DR position is to the eastward, 

EXAMPLE 1: 



Givens 



Required: 

Solution: 

ZT 1200 Long, 
GHA at LAN 
01 hours 
10 min, 38 sec, 
GMT 01-10-38 

ZD (rev) 

ZT 12-10-38 



1200 DR Lat, 31-lOSS LOng,163-10E, 

1 Jan 1970 

ZT Of LAN. 



163-10,0 E 

196-50,0 (360-163-10*) 
194-10,6 
2-39,5 



If the time of LAN is required only to the 
nearest minute, which is often the case. It can 
be more quicldy determinea. One need only to 
apply a difference In longitude correction to the 
time oi meridian passage of the sun over the 
Greenwich meridian, as recorded on the daily 
pages of the Nautical Almanac, See Appendix F, 
The time of meridian passage, as recorded, is 
both the Greenwich mean time (GMT), and tte 
local mean time (LMT) of local apparent noon. 
As mean time, it differs from apparent time 
(1200) by the equation of time, which Is also re- 
corded. As local mean time, it is also the zone 
time on the central merldiaji of each time zone. 
Thus, to find the zone time of local apparent 
noon on meridians other than the central 
meridian, the local mean time Is corrected 
to zone time by converting the difference 
In longitude between the central and the ob- 
server's meridians from arc to time, and applying 
the result to the mean time of meridian passage. 
The correction is subtracted when east of the 
central meridian, and added when west. 



1304. LATITUDE BY POLARIS 



Given: 

Required: 
Solution: 



1200 DR Lat. 36-18 N; Long. 71-19 
W. 2 Jan 1970, 



ZT of LAN. 

ZT 1200 Long, 
GHA at LAN 
16 hris, 

49 min, 20 sec, 
GMT equals 
ZD 
ZT 



71-19W. 

71-19.0 

58-59.0 

12-20.0 

16-49-20 

+5 

11-49-20 



(rev) 



In *he diagram used in the derivavion of for- 
mulae for the solution of meridian sightsi we 
found that arc ZQ equals the latitude of the ob- 
servert We can prove geometricallyi using the 
same diagram^ that the altitude of the elevated 
pole equals the declination of the zenith (arc 
'ZQ)i and also the latitude. 

Althov^h Pn and Ps are not well defined po- 
sitions which make measurement feasible t a 
second magnitude star called Polaris (north star) 
provides a reference for measurement in the 
northern hemisphere; Polaris has no counterpart 
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in the southern hemisphere • Polaris may be lo« 
oated In the northern sky between the constella- 
tions Ursa Major (Ug dipper) and Cassiopeia, 
The two stars in the bowl of the dipper at the 
greatest distance from the handle, point toward 
the north star. 

Polaris travels in a diurnal circle of small 
radius around Pn as shown in the diagram in 
figure 13-3, The polar distance, or radius of the 
diurnal circle, is "p." The meridian angle is 
**t,'* Point 0 is the intersection of the observer's 
celestial meridian and the celestial horizon. Ho 
equals the observed altitude. PnH equals p cos t, 
and is the correction which must be added or 
subtracted, depending upon whether Polaris is be- 
low or above Pn, 

It can readily be seen that the value of the 
correction will depend upon the meridian angle 
(t), or the position of the observer's meridian 
with respect to the hour circle of Polaris. Since 
the SHA is relatively constant, the correction is 
also a function of the LHAT • For Polaris, the 
Nautical Almanac tabulates corrections based 
upon the LHAr, the observer's latitude, and the 



month of the year. In table ao> the correction is 
based upon a mean value of SHA and declination 
of Polaris, and a mean value of 50* north latitude 
as the position of the observer. Table a i, entered 
with LHAT and latitude, corrects for the differ- 
ence between actual latitude and the mean. Table 
ae , entered with LHATand the month of the year, 
corrects for variation in the position of Polaris 
from its selected mean position. All corrections 
from these tables contain constants, which make 
the corrections positive, and which when added 
together, equal 1 degree. Thus, the correction is 
added to the Ho, and 1 degree is subtracted to 
determine latitude. 

In summary, latitude may be ascertained in 
the northern hemisphere by observing the Hs of 
Polaris, at a known time. From the time, and 
the DR or estimated longitude, compute the LE\ 
of Aries. Correct Hs to Ho, and using the LHAT, 
approximate latitude, anddate, determine correc- 
tions from Polaris tables ao , a, and a^.Add total 
correction to Ho, and subtract 1 degree to obtain 
latitude. 



EXAMPLE 1: 
Given: 



Required: 
Solution: 



Date 2 Jan. 1970. DR Lat. 67-25.0 N; Long. 116-35.0 W. 
WT 18-18-45, WE on ZT is 10 seconds fast. Hs 68-21.3. 
IC +1.5. HE 42 feet. 
Latitude of the observer. 



WT 18-18-45 2 Jan 

WE -10 fast 

ZT 18-18-35 

ZD +8 

GMTY" 02-18-35 3 Jan 

GHA 132-17.0 

M-S 4-39.5 

GHAY" 136-56.5 

Long. 116-35.0 W 

LHAV 20-21.5 

Ho 68-16.1 

Corr. -51.1 

Lat. 67-25.0 North 



IC 

HE 

Corr. 



Plus 
1.5 



Minus 

6.3 
0.4 



Sum 

Corr, 

Hs 
Ho 

Table 

ao 

ai 

Be 

Sum 



+ 1.5 




7.6 
0.6 
0.7 
+8.9 
-60.0 



Corr. -51.1 



The reason the T>oJarls sight cannot be worked by HO 214 is that 
its declination is about 89 degrees North, and HO 214 does not 
contain solutions for astronomical triangles based upon any ce- 
lestial body with such an extreme declination. 
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CELESTIAL 
MERIDIAN 



a HORIZON 

0 



190,29 

Figure 13-3, — Polaris. 
1305. SUNRISE, MOONRISE, AND TWILIGHT 

We associate the following phenomena with the 
apparent motion of the sun and the moon: 

SUNRISE — The instant the upper limb of the 
sun appears on the visible horizon; 

MOON RISE — The instant the upper limb of the 
moon appears on the visible horizon; 

SUNSET — The instant the upper limb of the sun 
disappears beyond the visible horizon; 

MOONSET — The instant the upper limb of the 
moon disappears beyond the visible horizon; 

TWILIGHT — The period of semi-darkness oc- 
curring just before sunrise (morning twilight) i or 
just after sunset (evening twilight). 



OBSERVATIONAL TWILIGHT. — The sun is 10 
degrees below the horizon* Best for observations. 

CIVIL TWILIGHT.— The sun is 6 degrees be- 
low the horizon. Too light for observations. Also 
recorded in Nautical Almanac. 

In practice, the navigator should be ready to 
commence his morning observations about 40 
minutes before sunrise. For evening observations, 
he should be ready not later thip 15 minutes after 
sunset. 

In the Nautical Almanac the times of sunrise, 
morning nautical and civil twilight, sunset, and 
evening nautical and civil twilight, are tabulated 
against latitude on each daily page for a 3 day 
period. The time tabulated is Greenwich mean 
time on the Greenwich meridian but may be re- 
garded as local mean time (LMT) of the phe- 
nomena (also the zone time at the central merid- 
ian of each time zone). To find the time of sun- 
rise, for example, we turn to the page of the 
Nautical Almanac for the given date; interpolating 
for latitude, we find the local mean time of sun- 
rise (zone time on central meridian). If desired^ 
interpolation for latitude can be simplified by the 
use of a self e3q)lanatory table in the back of the 
Nautical Almanac (see appendix F). Next, we con- 
sider the difference in longitude between our 
meridian and the central meridian. Keeping in 
mind that 1 degree of arc equals 4 minutes of 
time, we convert the difference in longitude to 
time, and apply this correction to the LMT, to 
find zone time. If the local celestial meridian is 
to the east of the central meridian of the time 
zone, subtract the correction; conversely, if the 
local celestial meridian is to the west, add the 
correction. Round off answers to the nearest 
minute. 



The navigator utilizes morning and evening 
twilight for star observations because during 
twilight the darkness makes the stars visiblei 
yet permits sufficient light to define the horizon. 
Both conditions are necessary if an acctirate 
Hs is to be obtained. There are four stages of 
twilight, based upon the position of the sun with 
respect to the horizon. They are; 

ASTRONOMICAL TWILIGHT. — The sun is 18 
degrees below the horizon. Too dark for observa- 
tions. 

NAUTICAL TWILIGHT. — The sun is 12 de- 
grees below the horizon. Favorable for observa- 
tions. Recorded in Nautical Almanac. 



On a moving ship the problem is slightly 
more involved. The latitude and longitude chosen 
for solution should be found by entering the 
Nautical Almanac with an approximate latitude 
for sunrise (or sunset, or twilight) and noting 
the LMT. Plot the DR for the LMT, and using 
the coordinates of the DR, work the problem 
in the usual manner, first interpolating for lati- 
tude, and secondly applying the correction for 
longitude. A second estimate is seldom neces- 
sary because the required accuracy of 1 minute 
would not be exceeded unless the vessel tra- 
versed more than 15 minutes of longitude be- 
tween the position of the first estimate and the 
position reached at the actual time of the phe- 
nomenon. 
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EXAMPLE 1: 

Given: Position Lat. 22 N; Long 18 Wi 3 Jan. 1970 

Required: ZT of sunrisei beginning of morning nautioal twilighti 
sunseti and end of evening civil twilight. 

Solution: 



Morning Nautical Evening Civil 

Sunrise Twilight Sunset Twilight 



LMT 30 N 0656 0600 1712 1738 

LMT 20 N 0635 0544 1732 1756 

diff. for 10 21.0 16.0 20.0 18.0 

diff. for 1 2a 1.6 2.0 1.8 

diff . for 2 4.2 3.2 4.0 3.6 

LMT 22 N 0639 0547 1728 1752 

d Long."^ +12.0 +12.0 +12.0 +12.0 

ZT 0651 0559 1740 1804 



*(18 • 15) X 4 



The Nautical Almanac also tabulates the 
GMT of moonrise and moonset, which close- 
ly approximates values of LMT. The time of 
moonrise (or moonset) on two successive dates 
differs a great amount, which makes interpola- 
tion for longitude as necessary as interpolation 
for latitude. To find the precise time of either 
moonrise or moonset, first find the GMT of 
moonrise (or moonset) for your latitude; this 
may necessitate interpolation between given val- 
ues in the Nautical Almanac, or use of table I. 
Determine the GMT of moonrise or moonset for 
the desired date and the preceding date when in 
east longitude, and for the desired date and the 
succeeding date, when in west longitude. Com- 
pute the time difference between the two GMTs 
and enter table II with this difference and your 
longitijide. Apply the resulting corection to the 
GMT of moonrise or moonset on the desired 
day, generally adding in west or subtracting in 
east longitude as necessary to arrive at an IMT 
which in sequence lies between the two previously 
computed GMTs. Apply a time correction for 
longitude to the LMT; the result is zone time of 
moonrise (or moonset). 



EXAMPLE 1: 

Given: 1 Jan 1970 at Lat. 37-30 N; Long. 63 

Required: ZT of moonrise. 

Solution: 



Jan. 1 GMT Lat. 37-30 N 0016 

Jan. 2 GMT Lat. 37-30 N 0119 

Difference 63 min. 

Correction (from table II) -i-lO 

LMT (0016 + 10) 0026 

Corr. for longitude: (63-60) x 4 ^-12 

ZT of moonrise 0038 



1306. STAR IDENTIFICATION 

It is just as necessary for the navigator to 
correctly identify an observed star as it is for 
him to identify a navigational landmark in pilot- 
ing. There are two general systems available, 
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69.67 ^siV 



Figiirfi 13-4,— Star finder with template, ^ 
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Identification by conbtGllatloni and Identification 
by azimuth and altitude. The latter method la 
moBt practioali elnoe It permits Identification of 
single stars at twillghtwhen the constellations are 
not clearly outlinedi and of stars visible through 
breaks in a cloudy sky when constellations are 
partially or completely obscured. 

The navigator's aid to star Identification Is 
the Star IdenUfier (HO 2102D) (fig. 13-4). It con- 
sists of a star disc, and a circular transparent 
template for each 10 degrees of latitude (5, IS, 
25, 35, 45, 55, 65, 75, and 85)i It also Includes 
a meridian angle template. The star disc Is so 
constructed that the stars normally seen In north 
latitudes are shown on the north side located so 
as to Indicate their proper Right Ascension 
(RA) and declination; similarly, those stars nor- 
mally seen in south latitudes are shown on the 
south side of the disc. The center of the north 
side of the disc represents the north celestial 
pole, and the center of the south side represents 
the south celestial pole. The edge of the star 
disc is graduated in degrees (0 to 360) for mea- 
surement of both SHA and RA. 

To Identify stars by their location, using 
altitude and azimuth, first compute the LHA of 
Aries for the desired time of observation. Using 
the side of the star base which corresponds to 
latitude (north or south), select and mount the 
transparent template which most nearly corre- 
sponds to DR latitude. Since the templates are 
printed upon both sides, in order to serve for 
both north and south latitudes, it is necessary 
to place the template with the side up which 
corresponds in name (north or south) to your 
latitude. The template Is rotated until a north- 
south line on the template coincides with the 
LHA of Aries on the star disc. The printing on 
the template, which now covers the star base, 
consists of a network of concentric ellipses and 
radial lines. The stars which appear within the 
network are visible at the time of observation 
(or at least are above the horizon), and have 
altitudes greater than 10 degrees. The stars 
outside the network either are below the horizon 
or will have altitudes less than 10 degrees, and 
therefore are poor for observation because of 
inaccuracies in predicted refraction errors. The 
center of the network represents the observer's 
zenith. The radial lines represent azimuth, and 
are 5 degrees apart; at their extremities, the 
value of the azimuth of any star on that line may 
be read directly. The concentric ellipses repre- 
sent circles of equal altitude from 10 to 90 de- 
grees, and are 5 degrees apart; these ellipses 



are appropriately labeled. Eye Interpolation U 
normally used, and ailmuths and altitudes are 
noted to the nearest degree. 

The planets of our solar system do not ap* 
pear upon the star base because of their con* 
stantly changing SHA. To locate or Identify 
planets, the navigator computes the right as* 
censlon and declination using the Nautical Alnifl* 
nac. The right ascension of a planet equals the 
GHA of Aries minus the QHA of the planet. HA 
may be computed using the GHA^s tabulated a* 
gainst a given hour. Once computed and plotted, 
the navigator will find It uimecessary to replot 
the planet more often than once every two weeks 
because the daily change InRA Is relatively small. 

To plot the planets on the star base, use the 
red-lined meridian angle template, which can be 
quickly Identified as It contains a rectangular 
slot. Mount the template according to latitude on 
the appropriate side of the star base. Set the red 
pointer, which is adjacent to the slot, so that it 
indicates the RA of the planet, as read on the 
periphery of the star base. The planet may then 
be temporarily plotted through the rectangular 
slot, using a declination scale on the template 
adjacent to the slot, to locate its position. 

The celestial bodies commonly referred to as 
morning and evening stars are actually planets, 
having GHAs which approximate the GHA of the 
sun. If the GHA of the planet is less than the 
GHA of the sun, the planet may be called an 
evening star. If the GHA of the planet Is great- 
er than the GHA of the sun, it may be called a 
morning star. 

Consideration in selecting stars for observa- 
tion are: 

(a) Altitude — Between 15 and 70 degrees is 
preferable. Bodies below 15 degrees have refrac- 
tion corrections which are predicted with slightly 
less accuracy. Altitudes above 70 degrees are 
difficult to measure. 

(b) Azimuth— The stars selected should huvj 
azimuths which will provide a spread essential 
to establishing an accurate fix« 

(c) Magnitude —Solutions are available for 
approximately sixty of the brightest stars. Stars 
of the first magnituda (brightest), are generally 
used in preference to second magnituda stars 
because the measurement of the Hs of a bright 
star Is easier than the measurement of the Hh 
of a dim star. 
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EXAMPLE 1: 



Given) Ho 2102D, North latiUuie, 1 Jan, 1970. 
Required: Plotting ol; planetB« 

solution: RA of u planet equals QHA of Aries minus QHA of planet. 



GHA of Aries 
GHA of Planets 
UA of Planets 



Venus 

460-13,6 
16S-22.2 



Deo, of Planets 23-37,98 



460-13,6 
116-17,9 
&4^66,9 

7-43,3S 



Jupiter 

460-13,6 
249-40^2 
210-33.6 

11-06,9S 



Saturn 

100-13,8 
69-27.8 
30-46.0 

0-49, 3N 



The GHAT is actually 100-13.8, as indicated above under Saturn; however, 
it is appropriate to add 360* to the GHAT in the above cases for Venus, 
Mars, and Jupiter, to facilitate subtraction of the GHAs of those bodies. 
For Bimplifioation, the GHAs have all been recorded for 0 hours on 1 Jan., 
the givei date. This is feasible because the hourly change in GHAT is 
practically the same as the hourly change in the GHA of the planets. The 
difference, or R^, does not differ appreciably during a given day. In fact, 
the change is bo small that once plotted, planets can be used without re- 
oomputatlcn and replotting for a fortnight. Planets arc plotted using the 
i*ed-Uned, meridian anglu template in accordance with their computed 
right ascensions and declinations. The moon may be plotted, if desired, 
using its right ascension and declination. 



EXAMPLE 2: 



Given: 

Required: 

Solution: 



ZT 18-20-00 1 Jan. 1970 at Lat. 34-OON, Long. 77-46W, 
HO 2102D. 

List of first magnitude stars and planets visible with 
altitudes between 15 and 70 degrees. 



ZT 
ZD 



18-20 1 
•t-5 



Jan. 



GMT 23-20 .\ Jan. 

GHAT 86-10.5 
M/S 5-00.8 

GHA 91-11.3 

Long. 77-4S.0 W 

LHA 13-26.3 

Body 

Capo 11a 
Betelgeux 
Aide bar an 
Rigel 

Fcmalhaut 
Deneb 
Vega 
Mars 

Saturn 



Star finder eet-up: 

DiRri — north side up. 

Teiupiate ^ 35 North. 

LHAY -13-26.3 Planets should 

already be plotted as required by 

example (1) above. 



Zn 

056 40 

093 17 

U96 38 

112 15 

207 20 

302 41 

30C 18 

220 40 

126 55 
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aoouraoy 'iopcnds upon the navigator's knowl- 
edge of position and the correct Ume. 

To compute '2n by HO 214, use the Nautioal 
Alma nac io solve for t and dec. Using t, deoi 
anr"tfit. (all to the nearest tabulated value) 
enter HO 214» and record the base azimuth an- 
gle {Z tab). Next, make an interpolation for 
difference in t, dec, and Lat.; add algebraically 
the changes in aalmuth angle for the difference 
between actual and tabulated values. Apply the 
total interpolative correction to Z tab to obtain 
/. Convert Z to Zn. Compare Zn with Zo to 
determine compass error. 



EXAMPLE 


1: 






Given; 


ZO 054.6 ut Lat. 33-48 S, Long. 161-51 E at WT 11-19-16, 


3 Jan. 1970. WE on ZT is 1 min. 6 sec. fast. 


Required: 


Compass error. 






boiuiion: 








WT 


11-19-16 


GHA 


1 (0-00. 1 


WE 


1-06 fast 


M/S 




ZT 


11-18-10 


Long. 


161-51.0E 


ZD 


-11 


LHA 


345-20.2 


GMT 


00-18-10 3 Jan. 


t 


14-39.8E 






dec 


S22-53.2 Code -2 






code corr. 


- 0.1 






dec 


22-53.1S 








Plus Minus 


t 


14-39.8E t diff + 2.2 t corr. 


0.7 


d 


22-53.2 d diff + 1.2 d corr. 


0.3 


L 


33-48.0S L diff - 


2.7 L corr. 


0.5 


Z tab 


12. .u 


Sum 


+1.0 -0.5 


Corr 


+0.5 


Corr. 


40.5 


Z 


S126.5E 






Zn 


053.5 






Zo 


054.6 






C.E. 


1.1 West 
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1307, AZIMUTH Ol' THIS SUN 

Computation of compass error at sea depends 
upon the observation of the aaimuth of celestial 
bodies: the sun is most commonly used for this 
purpose. Upon observation, the observed aaimuth, 
which is abbreviated Zo, is recorded. The tinui 
(to the nearest second), and the Dl^ position, are 
also noted. With DR position and Umo, the navi- 
gator computes Zn. The difference between Zo 
(compass direction) and Zn (true direction) is 
compass error (C.E.). It should be appropriately 
labeled. The fact must be kept in mind that 
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EXAMPLE 2: (By H.O. 229) 



DATE 2 JAN 1970 


GB 227.5 


DR LAT SS*12*N 


DR LONG 21*22'W 


ZT 


1554 12 


ZD (-fW) (-E) 




GMT 


1654 12 


OR DATE 


2 JAN 1970 


GHA (hrs) 


58 59.0 


GHA (m&B) 


18 83.0 


TOTAL GHA 


72 29„0 


DR LONG (^E) (-W) 


21 22.0 


LHA 


51 10.0 


TAB DEC 


22 56.0 


d CORR ( .2) 4* 


.2 


TOTAL DEC 


22 54.8 





EXACT 


LOWEST 
TAB 


FACTOR 


AZ 
TAB 


AZ 
INTER'P 


AZ 
DIFF 


CORR 


+ 




DEC 


22 54.8 


22 


S4a£ „ 

60 


131.3 


132.0 


+.7 


.64 




DR 
LAT 


33 12.0 


33 


- 2 


131.3 


131.5 


+.2 


.04 




LHA 


51 10.0 


51 


^ - 8 

60 


131.3 


130.5 


-.8 




.13 



AZ TAB 


131.3 


CORR 


+.6 


AZ 


N 181.9 W 




S60.0 
-131.9 


ZN 


228.1 


GB 


227.5 


GE 


.6 E 



TOTAL CORR +.55 or .6 



♦* CONVERT AZ TO ZN 

xjoRTH TAT LHA GREATER THAN 180'.. ZN = AZ 

" LESS THAN 180' ZN = 360' - AZ 

snriTH T AT GREATER THAN 180»... ZN = ISO" - AZ 
ouuin luAi LHA LESS THAN 180« ZN = 180«+AZ 



COMPASS BEST ERROR WEST 
COMPASS LEAST ERROR EAST 



128 



ERIC 



Ghaptar la-OTHBR CELESTIAL COMPUTATIONS 



1306« AZIMUTH BY POLARIS HAS in the PolariB table entitled HAsimuthi* with 

the arguments (1) LH.\ of Aries and (2) latitude 
of the observer. Zn is read directly from this 
To determine compass error at night in north table. Compare Zn and Zo, In the manner ds« 
latitudes* find Zo of Polaris l^y observation. Com- scribed for the sun in the preceding artlole* and 
puts the LHA of Aries. Enter the Nautjoal Alma" determine compass error. 
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DUTIES OF THE NAVIGATOR 



140U INTRODUCTION 

The duties of the navigator are basically ther 
same regardless of the type or the employment 
of the vessel; differences arise in methods em- 
ployed because of available equipment* The duties 
of the navigator of a Navy vessel stem from, and 
are found in» Navy Regulations as revised in 
1948 and since amended* 

1402. DETAILED DUTIES 

Extracts from Navy Regulations governing 
navigation are quoted herewith: 

*'0929« General Duties 

The head of the navigation department 
of a ship shall be designated the navi- 
gator* The navigator normally shall be 
senior to all watch and division officers. 
The Chief of Naval Personnel will order 
an officer as navigator aboard large 
combatant ships. Aboard other ships the 
commanding officer shall assign such 
duties to any qualified officer serving 
under his command. In addition to those 
duties prescribed elsewhere in the regu- 
lations for the head of departmenti he 
shall be responsiblei under the com- 
manding officeri for the safe navigation 
and piloting of the ship. He shall receive 
all orders relating to navigational duties 
directly from the commanding officeri 
and shall make all reports in connection 
therewith directly to the commanding 
officer. 

09 30. Specific DuUes 

The duties of the navigator shall 
include; 

1. Advising the commanding officer 
and officer of the deck as to the ship's 



movements andi if the ship is running 
into danger, as to a safe course to be 
steered. To this end he shall: 

(a) Maintain an accurate plot of the 
ship^s position by astronomical, visual^ 
electronic or other ^)propriate means, 

(b) Prior to entering pilot waters* 
stud^ all available sources of informa- 
tion concerning the navigation uf the ship 
therein. 

(c) Give careful attention to the 
course of the ship and depth of water 
when approaching land or shoals. 

(d) Maintain record books of all ob- 
servations and computations made for 
the purpose of navigating the ship, with 
results and dates involved. Such books 
shall form a part of the ship's official 
records. 

(e) Report in writing to the oom'- 
mandlng officer, when under way the 
shlp^s posiUon (fig. 14-1) at 0800, 1200, 
and 2000 each day, and at such other 
times as the commanding officer may 
require. 

(f) Procure and maintain all hydro- 
graphic and navigational chartSt sailing 
directions, light lists, and other publi- 
cations and devices for navigation as 
may be required. Maintain records of 
corrections affecting such charts and 
publications. Correct navigational charts 
and publications as directed by the com- 
manding officer and in any event prior 
to any use for navigational purposes 
from such records and in accordance 
with such reliable information as may 
be supplied to the ship or the naviga- 
tor is able to obtain. 
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SHIPfS POSITION 

NAVSHIPS* nn (Rev 9«62) 



COMMANDING OfFICER. \i%%Hu(iH PuR V / S (jOiD^W) 



/ZOO R 


'"fS MaY^ /96S 


1»TITU0I ^ 







DISTMCC HADE OfiOD SiNCt MlllJ I*; 

OQOO R €0 Hf. 



OlITAMCt TO 



□ g!?..- nr- no,... o3s:s 



OCviATlON 




00- ^/nrfir 


It* %7 t\«<% 11 






□ 





tti^tCrrvLiv SovMtTTlO r«»»tfir« 





112.97 

Figure 14^1.— »^ps position report. 

2. The operationi caret and main- 
tenance of the ship's navigational equip-* 
mdnt# To tLi3 end he shall; 

(a) When the ship is under way and 
weather permltSi determine daily the 
error of the master gyro and standard 
magnetic compassesi and report the re-* 
suit to the commanding otffcer in writ- 
ing. He shall cause frequent compar- 
isons of the gyro and magnetic com- 
passes to be made and recorded. He 
shall adjust and compensate the mag- 
netic compasses when necessary i sub- 
ject to the approval of the command- 
ing officer. He shall prepare tables of 
deviationsi and shall keep correct copies 
posted at the appropriate compass sta-* 
tions. 

(b) Insure that the chronometers are 
wound dailyi that comparisons are made 
to determine their rates and errorg and 



that the ship's clocks are properly set 
In accordance with the standard 2one 
time of the locality or In accordance 
with the orders of the senior officer pre* 
sent. 

(c) Insure that the electronic navi- 
gational equipment assigned to him is 
kept in proper adjustment andt If ap- 
proprlate» that calibration curves or 
tables are maintained and checked at 
prescribed intervals. 

3. The care and proper operation 
of the steering gear in generali except 
the steering engine and steering motors. 

4. The preparation and care of the 
deck log« He shall dAlly» and more often 
when necessary! Inspect the deck log 
and the quartermaster's notebook and 
shall take such corrective action as may 
be necessary I and wltldn his authority i 
to Insure that they are properly kept. 

5. The preparation of such reports 
and records as are required in connec- 
tion with his navigational dutlesi in- 
cluding those pertaining to the com- 
passesi hydrographyi oceaxiographyi and 
meteorology. 

6. The relieving of the officer of the 
deck as authorized or directed by the 
commanding officer. 

0931. Duties When Pilot is on Board 
The duties prescribed for a naviga- 
tor in these regulations shall be per- 
formed by him whether or not a pilot 
is on board* 

1403« LBA VINO AND ENTERING FORT 

The navigator may expect to employ all meth- 
ods of navigation except celestiali when leaving 
or entering port. Between a ship's berth and the 
open sea* the diversified tasks which the navigator 
must perform may be organized with the use of 
a check-off list. 

The following check-off lists are» with slight 
modlficationi appropriate for ships of any type: 

(a) Navigation Check-Off List for Getting 
Under-way— 

24 hours before — 

1. Make a pre-voyage check of instruments. 
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2. Check chronometer; determine error and 
daily rate. 

3. Check adjustment of electronic equipmentt 
A. Read coast pilot or sailing directionB which 

apply to harbor. 
6. Determine estimated time of departure* 

6. Consult Chief Quartermaster; locate and 
study desired charts and insure that appli- 
cable corrections have been made. 

7. Plot courses and distances on harbor and 
sailing charts. Include route points and 
times of arrival at route poiilts* 

8. Plot danger bearings and danger angles. 

9. Determine state of tide upon departure*' 
10. Determine state of current upon departure* 
11* Study light list; plot visibility arcs for 

lights. 

12. Study harbor chart of destination, particu- 
larly noting peculiarities which will affect 
navigation^ 

13. Check proposed track against dangers to 
navigation such as wrecks and shoals* 

14. Determine total distance and required 
average speed for the ETA if established* 

15. Note available electronic aids* 

16. Instruct the navigation detail as to indi- 
vidual piloting tasks while leaving port* 

17. Study pilot charts for information relative 
to the voyage (current and weather)* 

18. Check markings on the lead line* 

19* Determine boundary between inland and 

international waters. 
20, Confer with commanding officer. 

4 hours before — 

1. If not in operation* start master gyro- 
compass* 

30 minutes before — 

1* Station xuivigation detail* 

2* Test fathometer I DRT| electronic equip- 
menti and communication system* 

3* Check gyro and repeaters against magne tic 
compass to determine gyro error* 

4* Check vicinity of magnetic compass bin** 
nacle to insure that all gear is in place 
and that no stray magnetic material will in- 
fluence compass* 

5* Record the draft of the ship* 

6* Check availability of bearing book, binocu- 
lar S| stop watch» drafting machinei parallel 
rulersi navigator^s case, chartSi maneu- 
vering boardsi nautical slide rule (for com - 
putations involving timei speedi and dis- 
tance)! sharp pencilsi art gum eraser i and 



thumb tacks* Drafting maoldne should be 
oriented to chart* 
7* Check readiness of navigation publications 
(including information oonoernlng looalna* 
vlgational aids)* 
8* Insure that hand lead is on deck* 
9* If anohoredi take frequent rounds of bear- 
ings during weighing of anchor to detect 
drift* 

Upon getting underway - 

1* Keep running plot of ship's position using 
available landmarks* 

2* Advise conning ofiEioer of desired courses 
and speeds and upon ship control* 

3* Man chains* 

4* Mvi searchlights at nigjht* 

5* CIC commence radar navigation regardless 
of weather* If fog is encountered» make a decision 
either to proceed Iqr radar navigation or to anchor* 

6* Note dangers to navigation and deficiencies 
in navigational aids for reporting to Oceanogra- 
phlc Office* 

7* Chedc state of tide and current^ and com* 
pare with prediotionB* 

Upon leaving channel and passing sea buoy- 

1* Lower pit sword (if so equipped) ; commence 
operation of log* 

2* Secure chains* Continue operation of fa* 
thometer* 

3* Set latitude and longitude dialsi and start 
DRT. 

Before losing sight of land- 

1* Obtain departure fix* 

2* Secure fathometer » unless desired* 

3* Secure piloting instruments* 

(b) Navigation Check-off List for Entering 
Port- 



Bef ore sighting lan d - 

1* Read coast pilots or sailing directions 
and note comments* 

2* Determine estimated time of arrival* 

3* Consult Chief Quartermaster; locate and 
study desired charts and insure their correction 
(check for late changes inlocal navigational aids)* 

4* Determine state of tide upon arrival* 

5* Determine e^qpected currents* 
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6, Start fathometer; record sounding per iodl- 
otlly and oheok approach, 

?• Determine e^qpected landmarks and their 
charaoteristloB, 

8, Looate ranges and study buoyage, 

9, Plot courses to be used while entering port, 

10, Plot danger bearings and danger angles, 

11, Study anchorage chart and determine as- 
signed berth, 

12, Ascertain pilot regulations and require- 
ments, 

13, Check local harbor regulations and/or 
applicable operation order or plan (garbages 
landlngsi customsi quarantine! forbidden an- 
chor age » oable locations! dredge Si survey sta- 
tions! survey boatsi speeds, and special orders), 

14, Locate electronic aids to navigation (radio 
direction finder, radio beacon^ coast radar sta- 
tions, loran stations, etc,), 

15, Determine whether or not a degaussing 
range is available and if a degaussing check is 
necessary or desirable, 

16, Determine boundaj!7 between inland and 
international waters. Log time of crossing; notify 
captain and conning officer, 

17, If at night» determine characteristics of 
expected lights and check chart data wiUi light 
list; record the e}q>ected time of sighting of 
major lights. Give a list to the OOD. 

18, Check markings on lead line, 

19, Exercise watch on both surface search 
ai^d air search radar to determine distance 
and shape of coast. 

Upon sighting land - 



1, Locate position of ship by landmarks as soon 
as practicable. Correct latitude and longitude 
dicds on DRT, 

2, Take soundings continuously, 

3, Check compass error on available ranges. 
Insure proper speed setting on master gyrocom- 
pass, 

4, Note dangers to navigation and deficiencies 
in navigational aids for reporting to Oceanogra^ 
phlc Office, 

5, Station navigation detail. Prepare bearing 
book, 

6, Keep running plot of ship^s position using 
available landmarks, 

7, CIC commence radar navigation regardless 
of weather. If fog is encountered, make a decision 
either to proceed radar naviga tic ^ jr to anchor, 

8, Check state of tide and current^ and com- 
pare with predictions. 



9, Set watch on lookout sound-powered phone 
olrouit (JL), 
10« Man searchlight at night. 

Upon entering channel or harbor - 

1, Continue above as practicable, 

2, Housi pit sword and sound dome^ if re- 
quired, 

3, Determine anchorage bearings; note adja«- 
cent ships and other possible dangers, 

4, Plot anchorage approach course (against 
current if possible), 

5, Clear sides if mooring alongside ship or 
dock, 

6, Man the chains, 

7, Advise conning officer of desired courses 
and speeds, 

8, When approaching berth, advise upon ship 
control (including the letting go of anchor). 

After anchoring or mooring - 

1, If anchored, get actual anchorage bearings, 
plot and enter them in the log. Use sextant and 
3-arm protractor if necessary, 

2, Determine draft of ship and enter in the 
log, 

3, Advise as to desired scope of anchor 
chala if anchored. Plot scope of chain (radius 
of sv^ng), 

4, Determine and log th<3 actual depth of 
water and type of bottom, 

5, Check distances to adjacent ships and 
landmarks. Compare with radar ranges, 

6, If in unsurveyed anchorage, determine 
soimdlngs and character of bottom in circular 
area having a radius equal to 1 1/2 times the 
swinging circle, with the anchor at center, 

7, Check ejected currents and if anchored^ 
put over drift lead, 

8, Locate landings if anchored. Notify OOD 
of boat compass course to and from landings, 

9, Recheck ship's position if anchored as 
soon as ship is steadied against current. Advise 
captain whether anchor is holding, 

10, If anchored, station the anchor watch. Take 
Jt)earings to detect dragging, 

1404, COASTAL PILOTING 

Coastal piloting makes use of the same 
principles as harbor piloting. Although the period 
practiced may be so extended as to work a physical 
hardship on the navigator, safety requires that 
the navigator identify all aids and be on deck to 
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wltneBS all couLTse changes. This requirement is 
neoessary because of the proximity of danger. 
The navigator should constantly be governed 
by the thought **a mariner *s firFt consideration 
is the safety of his vessel.'^ 

1405. NAVIGATION AT SEA 

The navigator's sea routine is as follows: 

Morning twilight— Observe stars and compute 
star fix. 

Sunrise (or after) — Compute compass error. 

0800— Make position report. 

Forenoon— Obtain morning sun line. Compute 
Ume cf LAy, 

LAN— Observe sun on meridian and compute 
latitude. Advance morning sxm line and obtain 
runxiing tix. 

1200 — Make position report. 

Afternoon — Obtain afternoon sun line . Advance 
latitude line obtained at LAN and plot afternoon 
running fix. Compute time of sunset and prepare 
list of evening stars. 

Evening twilight— Observe stars and compute 
star fix. 

2000— Make position report. 

Night— Compute time of sunrise and prepare 
a list of morning stars. Plot DR for night» 
making allowance for e?q>ected changes in course • 
speed, and zone time. Observe Polaris, if a 
compass error check is desired, and if in northern 
latitudes, provide navigational data for captain's 
night orders. 

1406. PREPARATION OF THE POSITION 
REPORT 

The following condensed instructions should 
enable the navigator to properly fill in and sub* 
mit written reports of the ship's position: 

(a) OBJECTIVE — To inform the commanding 
officer and flag officer (if embarked) of the ship's 
position, togetiier with recommendations that may 
be appropriate. 

(b) INSTRUCTIONS FOR PREPARATION — 
(1) Heading: Record name of ship, time and 

date on first and second blank lines. Time will 
be 0800, 1200, 2000, or such time as the CO 
desires. 



(2) Position; In line three, recox'd latitude 
and longitude (for 0800, 1200 or 2000) and time of 
observations upon which position is based. In 
line four, indicate type of flK (celestial, D.R.^ 
loran, radar or visual). Label latitude and longi- 
tude. Label time, indicating zone. 

(3) Set and drift; Compute and record on 
Une five as foUows: The set is the direction of 
the fix from the DR position of the same time. 
The drift in knots is the distance in nautical 
miles between the fix and the DR position divided 
by the number of hours between the times of the 
last two fixes. Drift is speed. 

(4) Distance; Also on Une five, recorddls- 
tance made g^d since last report, giving the time 
first and the distance second. After ''01 stance to, ^* 
on line six« write *n either the name of the destina- 
tion, or a designated route point, and record the 
distance^ in nautioal miles. Note the time and date 
of ETA. 

(5) Compass data: Record true heading and 
gyro error. Two blanks are available for gyro 
error since heavy ships may carry two gyro- 
compasses. Record variation. Check *'STD,^' 
"Steering," or "remote IND" to identify the 
magnetic compass. Record the compass heading 
which differ^ from true course by compass error. 
Record actual and table deviation. Remember 
that the algebraic sum of variation and deviation 
is compass error. Use degrees and tenths of 
degrees and label all values except heading as 
"east" or "west." Check degaussing as either 
"on" or "off." 

(6) Remarks: Make recommendations as 
to changes in course, speedy ana zone time. 
Inform the captain of navigational aids e:q)ected 
to be sighted, using back of report if necessary. 
This report ordinarily should be sufficiently 
complete to provide the captain with all informa- 
tion necessary to write the night orders. 
Example: "Recommend c/c to 050 (T) at 2200 
with Frying Pan Shoals It. Ship abeam to portt 
distance 4 miles. Sight Diamond Shoals Lt. Ship 
bearing 045(T) at 0623, distance 16 miles. 
Characteristics — C^Fl W ev 26 sec (3 flashes). 
At 0700 with Diamond Shoals Lt. Ship abeam to 
port, distance 7 miles, recommend c/c to000(T); 
c/s to 17 kts." If you are xmable to obtain r'3ces- 
sary data, leave expropriate spaces blank and 
e^qplain under remarks. 

(7) Signature: Sign name and indicate rank« 

(8) Addressees: The report always goes to 
the commanding officer. If any flag o^icers are 
embarked, insert their titles under "commanding 
officer" and prepare copies for them. Retain 
one copy for your file. 
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1407, LIFE BOAT NAVIC2ATI0N 

Should an emergenoy arise whlohrestriotethe 
navigator's tools to the equipage of his life boati 
then he must modify the procedures described in 
thls*^ compendium to fit the situation* Success in 
life boat navigation may be a measure of the 
navigator's foresight and resourcefiUnesSt 

The forehanded navigator accepts the possi* 
blllty of shipwreck and prepares one or more 
navigation kits to supplement the equipage regu- 
larly carried by his ship's life boats* The navl«- 
gfttlon kit should contain the following: 

(a) An OILCLOTH CHART of sufficient area 
to show the ship's position if abandoned. 

(b) SEXT/^NT* Aa ine^ensive instrument may 
be substituted for the conunonly used endless 
tangent screw sextant since acouracy is not 
paramount* 

(c) COMPASS. A pocket compass is small 
and inexpensive and may be the only direction 
reference if the IxjbX compass carried by 

life boat becomes lost or damaged. 

(d) ALMANAC. The convenience of using the 
Nautical Almanac and especially the star dla- 
grams which it contains makes this publication 
worth its spacSt An oilcloth copy of the star 
diagrams^ such as may be found in the Air Alma- 
nac, should be carried if available • * 

(e) TABLES. The appropriate volume of HtO. 
214, or other navigational table • 

(f) PLOTTING EQUIPMENT. A Hoey position 
plotter, pencils, and erasers are essential. The 
Hoey plotter is especially important since it 
provides both a protractor and a straight-edge; 
it is also a crude substitute for a rextant. 

(g) NOTEBOOK, This book should contain 
space for computations and a section devoted to 
a compilation of useful formulae; if an Almanac 
is not available within the navigation kit, then 
extracts may be recorded in the notebook. In 
addition tc this notebook^ position plotting sheets 
or other suitable plotting paper should be included 
in th3 kit. If a chart is not available, then the 
coordinates of several ports should be recorded 
in the notebook. It is advisable to include data 
on prevailing winds and currents. 

(h) AMERICAN PRACTICAL NAVIGATOR, 
This volume can be most valuable. It contains 
much information on weather and currents, tables 
for sight reduction, a long-term almanac, traverse 
tables for mathematical dead reckonings and tab- 
ulated coordinates of world ports. If including 
the entire volume is not desirable because of 



size, appropriate information should be extracted 
and retained. 

(1) PORTABLE RADIO. To obtain ttme 8i|r 
nals, a portable radio is useful. 

(j) SLIDE RULE. A slide rule with a sine 
scale can be used in sight reduction. 

(k) DRAMAMINE. Since a sea sickness pre- 
ventative may act in the interest of the naviga- 
tor's personal efficiency, dramamlne tablets have 
a place in the kit. 

When the ship is abandoned the navigator 
should accomplish the following if possible: 

(a) Wind the watch and determine the watch 
error. 

(b) Record (or at least remember) the date. 

(c) Record the ship's position. A recent fix 
or a fairly accurate EP is most essential when 
abandoning ship and also on the occasion of 
''man overboard." 

(d) Record magnetic bearing of nearest land 
and the magnetic variation. 

(e) Insure presence of the navigation kit. 

After the ship is abandoned, make an estimate 
of the situation. Consider every possibility, then 
(1) mentally list and compare the advantages and 
disadvantages of each, (2) compare the possible 
outcomes of each, and (3) formulate an alternate 
plan to be followed in the event of failure of 
each major plan. Make a decision as to your 
course of action. Generally, the choice will be 
between remaining in the immediate vicinity and 
proceeding toward iome land or haven. Record 
the decision in your notebook and start a log. 
Make a companion of watches, if more than 
one is present, as insurance of correct time. 
Check speed by the chip log method (art. 303) 
and insure that the compass is free from mag^ 
netic influence other than the earth's. Establish 
your dally routine. 

Start a dead reckoning track upon your chart, 
or commence dead reckoning mathematically, 
in order to jarry out your course of action. If 
dead reckoning is to be accomplished by mathe- 
matical rather than graphic means, the navigator 
may use the traverse tables which provide a 
simplified method of solving any rignt triangle; 
if desired, extracts from these tables (which 
appear as Table 3 in the Americgji Practic al 
Navigator ) may be recorded in the notebro.: 
during the preparation of the navigation kit. 
Check the accuracy of your compass in the 
northern hemisphere by observing Polaris, as- 
suming that its Zn is OOC. Magnetic variation 
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A NAVIQATION COMPENDIUM 



should constitute the entire oompasB error In a 
Ufe host. In either north cr south latitudSi any 
body will reach its highest altitude when in 
upper transit (admuvh 000 or 180 ) and will 
tbere)^' provide a compass check. At night, 
not only Polaris^ but any star near the prime 
vertical, if vlsiblei can be used for a direction 
referenoe* 

To measure the altitude of celestial bodies 
in the absence of a sextant, attach a weight to 



Alt. 


Corr. 


Alt. 


Corr. 


6-6* 


-9' 


13-15" 


-4' 


7» 


-8' 


16-21" 


-3' 


8» 


-7* 


22-33» 


-2' 


9-10» 


-6' 


34-6 3» 


-1' 


11-12" 


-5' 


64-90" 


-0 



To find the approximate declination of the sun, 
draw a circle with horizontal and ^rtlcal dla- 
meterB* Label the points of termination of the 
diameters as foUowsi commencing at the top 
and moving clockwise: June 22» Sept. 23. Dec. 22» 
and Mar. 21. Locate a given date on the circle 
with respect to the equinoxes and solstices 
using proportional parts of any quadrant. Divide 
the upper vertical radius into 23.45 equal parts 
to indioate north declinationi anddividethe lower 
vertioal radius into 23.45 equal parts to indicate 
south declination. Draw a line from any given 
date on the circle perpendioular to the vertical 
to determine the declination on the given date. 

The LATITUDE may be determined as follows; 

(a) In the northern hemisphere! by on observa- 
tion of Polaris. 

(b) By a meridian sight of any body. 

(c) Note bodies at or near the zeniUu The 
latitude of an observer equals the declination 
of a body in his zenith. 

(d) If the Nautical Almanac is available and 
the date is known» note the duration of daylight 
which is a function of latitude. 

The LONGITUDE may be found by observing 
and noting time of meridian transit. 

A LINE OF POSITION may be obtained by noting 
the time of sunrise or sunsets or the instant any 
celestial bod^ coincides with the visual horizon. 



the end of the drafting arm of the Hoey plotter. 
Sight along the straightedge of the protractor 
(diameter) and allow the weighted drafting arm 
to seek alignment with the direction of the force 
of gravity. Record the angle on the protractor 
scale between the 0 mark opposite the body and 
the center of the drafting arm. This angle is the 
altitude. To correct a measured altitude when the 
Nautical Almanac is not available, the following 
Information should be tabulated in the notebook: 



Semldiameter 

Sun (upper limb) - 16* 
Sun (lower limb) tl6* 



To obtain a line of position by a horizon sight, 
no sextant is needed. For a horizon sight in the 
case of the sun or the moon, either limb may be 
usedt The Hs, which is 0% is correctedfor height 
cf eye (dip), refraction and semldiameter. Sight 
reduction may be accomplished using H.O. 211 
or H.O. 229; H.O. 214, however, is not applicable 
for sights of less than 5^ altitude. It should be 
noted that when both Hq and He are negative, the 
intercept is ''away** if Ho is the greater, and 
conversely, the Intercept is * 'toward" if Hq is 
the greater. 

Horizon sights may be reduced through the 
use of a slide rule with a sine scale. The following 
formula applies: 

sin Hq » sin^- sin d ^ cos L cos d cos t 

In the formula above, if t<90% and latitude and 
declination are of the same name, the sign is 
positive; when latitude and declination are of 
contrary name and t<90% the lesser quantity is 
subtracted from the greater. If t>90^ and latitude 
and declination are of the same name, the lesser 
quantity is also subtracted from the greater; if 
latitude and declination are of contrary name and 
t>90^ the sign io positive. If the sine of H is 
negative, Hq is negative. Azimuth angle may be 
found using the formula: 

co s d sin t 
sin Z = ^ cos Hq 



Refraction Correction for Altitude 
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Since the cosine of He in a low altitude sight 
approaches one* or unity, division by cos He 
is generally unnecessary* 

In horizon sights* the azimuth should also 
be checked to determine compass error. To 
compute Zn, one needs to know only the declina- 
tion. With north declination* the body will rise 
and set at points on the horizon north of the 
prime vertical an angular distance equal to the 
declination. With south declination, the body will 
rise and set at points on the horizon south of the 
prime vertical an angular distance equal to the 
declination. 

Should the watch or other timepiece stop, 
it can be reset by an observation of the stars and 
a reference to a star chart. The navigator re- 
members that sidereal time and solar time are 
equal at the autumnal equinox; at the vernal 
equinox, sidereal time is 12 hours fast on solar 
time. For any date in between the equinoxes, 
we can compute the difference between sidereal 
time and solar time as we know that siaereal 
time gains 3 minutes and 56 seconds dally. If 
we see on the star chart that the RA of Diphda 
(for example) is 10^30* or 42 minutes of time. 



then when Diphda is in upper transit, the local 
sidereal time is 0042 because Aries transits our 
local meridian (LST 0000) earlier than any given 
star by ui amount of time equal to the RA. From 
sidereal time we subtract the difference between 
it and solar time (which depends upon date as 
e}q)lained above) and we arrive at solar mean 
time. 

It is generally best to practice latitude or 
parallel sailing, since latitude computations are 
apt to be more accurate than longitude computa- 
tions. In parallel sailing, the navigator sails in 
a general direction of eiUier north or south until 
he reaches the latitude of his destination. Then 
he changes course to east or west and makes 
adjustments as necessary enroute in order that 
his track will adhere to the parallel of latitude 
of the destination. The navigator should try to 
compute his dally advance, which among other 
uses, acts as a check against the longitude when 
traveling east or west, and as a check against 
the latitude when traveling north or south. 

When landfall is finally made, identify avail- 
able landmarks and approach with caution until 
able to select a safe landing site. 



137 



APPENDICES 



Appendix A Nautical Chart Symbols and Abbreviations 

(Chart No. 1) 

Appendix B Useful Physical Laws and Trigonometric 

Functions 

/Appendix C Extracts from Tide Tables, East Coast, 

1970 

Appendix D Extracts from Tidal Current Tables, East 

Coast, 1970 

Appendix E Luminous Range Diagram/Distance of 

Visibility of Objects at Sea 

Appendix F Extracts from The Nautical Almanac, 1970 

Appendix G Extracts from Tables of Computed Altitude 

and Azimuth. H.O, 214, Vol. IV 

Appendix H Mechanics of "Error Finding" in Sight 

Reduction by HO 214 

Appendix 1 Extracts from Sight Reduction Tables for 

Air Navigation, HO 249, Volume 1 

Appendix J Extracts from Sitrfit Reduction Tables for 

Air Navigation, HO 229, Volume 3 

Appendix K U. S. Navy Navigation Workbook, Format 

and Instructions, including Forms 

Appendix L Additional Celestial Work Forms 



138 



Appendix A 



(iKNKUAh KKMAUKS 



Churt XtK I iHUUuins the stuncluni symlmis abbrevirttioim which hnve ht»en appruvwl fur 
use iin luuitiral rlmrls published by tin- Tititt'd Stiiten of Amt»!Mi?a. 

Symhfth nml nhhrerintintis shown on Chart No. I apply to the re^ulur nnuUt'ul I'harls ami may 
iliffer from tlioM* slu»wn on r^Tiain ivproihirlions and sperial rhartx. Symbols nnH abbriwiationR on 
cerUin reproductions and on foreljam charts may be interpreted by reference to tho Symbol Sheet or 
Chart No. 1 of the originatinp: country. 

Tvrpni*, Hifinhnh uuti ahhreHntinns are ninnlu»ri»d in airordani'»» with a Htanil«rd turnr approv^nl 
by u Resolution of the Sixth IntiTnalionai Hydro^raphic I'lintVreni'e. 1952. 

Vrrtiral fitjin^es inilii alf those items where the symlmi an.i abbreviation .u'e in accurdanco 
with the Ke.'^olutions of the International Hydro^raphie Conferonees. 

Slantifig figures indicate no International Hydropfrftphic Bureau symbol adopted. 

Slanting figurpH underfivnrerl Indicate U.S.A. and LH,B, symbols do not agree. 

Slantiffg figures nnferifiked indicate no U.S.A. symbol adopted. 

An np'tn-date ronipilntion of symbols and abbreviations approved by resolutions of the Inter- 
national Hydrographic Conference is not currently available. Use of I.H B, approved symbols and 
abbreviations by member nations is not mandatory. 

Slanting tetters in parentheses indicate that the items are in addition to those shuwu on the 

appnivfd standard form. 

Ctilars art* ofJtional for eharaeieri/in^ various fi-atures and areas on the charts, 

LetteHmj styles and eapitali/.ation as luseil on I'harl No. I are not always rigidly adhered to on 

the charts. 

Ltintjitintes are referred to the Meriilian of lireenwleh. 

Stutles iire computed on the midille latitude of eueh chart, or on the middle latitude of a series 
of charts. 

Hnildings - A conspicuous feature on a huildin^ nuiy he shown by a !amijliaj[;k_syjlL^Jul ^^ith 
descriptive no'tf iSee I-n & L-63 ) Prominent buildings that are uf assistance to the mariner are 
crosshatched t See I •;Ui.r,,47 & t>H) 

Shuveline is the line of Mean Hi^h Water, except in nuirsh or manjrrove areas, where the outer 
ed^-e of \ t'K*'tation I herin line) is used. A heavy line t A-iM is used to refjresent a firm shoreline. A 
li^ht line i.A-7i represents a herm line. 

Hrit/hts i)f land and conspicuous objects are ^iven in feet above Mean High Water, unless 
otherwise stated in the title of the chart. 

I'epth (\tnfnnrs ami SnftHifi ngs amy hv shown in meters on charts of foreign waters. 

Vislt)i^ifff nf ;i n^hl IS m miutical miles for an observers eye 1.") feet above water level. 

K//r///.N' nnti Henrnns - On entering a channel from seawani, buoys on starboard side are red 
with evrn numliers. on port side black with odd numbers. Lights on buoys on starboard side of channel 
an» retl nr white, on port side white or ^jreen. Mid-channel buoys have black-and-white vertical stripes, 
•lunetion or olislruction buoys, which may be passed on either side, have red-and-black horizontal 
bands. This system does not always a|)ply to foreign waters. The dot of the buoy symbol, the small 
circle tif the liKbt \es.»ieljind nu>oring biujy symlud.s. and the center of the beacon sy mbol indicate 
their posit ions. 

" Imprnrvfi rhnnnt is are shown l)y limit injr dashed lines, the depth, month, and the year of latest 
examination Uv\v.)i |)laced adjac -nt to the channel, except when tabulated. 

U. S. Const Pilots, Sailing Dirf^rtinns, Light Lists, Radio Aids, and related publicatu)ns furnish 
information reijuired hy the navigator that cannot be shown conveniently on the nautical chart. 

r. S. S'ttfitirtd Chart (^attdogs and hniexes list miutical iduirts. auxiliary maps, and related 
publications, atui include jreneral informati(»n (margirud notes, etc.) relative to the charts. 

.4 tilansarg of fureijrn terms and abbreviations is generally giveji on the charts on which they 
an* osimI. as well as in the Sailing Directions. 

Chtnts fdreadg tai issur will be brou^^lU into conformity as soon as opportimity affords. 

Alt rhaaye^ since the September 1963 edition of this publication are indicated by the symbol 
t in the margin immediately adjacent to the item affected. 
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A. 



The Coastline (Nature of the Coant) iw^ iWmtAl Kenuiiks) 
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B. Coast Features 
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The Land (Natural Features) 
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Quay 



20 

20a 

20h 

21 

22 

23 

24 

25 

25a 

26 

27 

29 
30 
31 
32 
33 
34 

35 

36 

37 
3H 
39 

39a 

t40 

41 

42 
43 

44 

45 

46 



t46a 

47 
4H 
49 
50 
T5; 

((id) 



Dol 



roi Q^'**' 



Berth 

Anchoring berth 

Berth number 
Dolphin 
Bollard 
Mooring rmg 
Crane 

Landing stage 
Landing stairs 

Quarantine 



Lazaret 

Harbor Master Harbor master's office 

CuN H() Customhouse 

FiShmg harbor 

Winter harbor 

Refuge harbor 

B Hbr Boat harbor 

Stranding harbor 
(uncovers at LW} 



Dock 

Dry dock (actual shape 
on large-scale Charts} 

Floating dock (actual shape 
on large-scale charts} 
Gridiron, Careening grid 

Patent slip, Slipway, 
Marme railway 



Ramp Ramp 



Lock 



Lock (point upstream) 

(See H-IJ} 
Wet dock 

Shipyard 
Lumber yard 

I Q I Health Office Health officer's office 
" Hk 




Hulk (actual shape On irg 
scale charts} I See 0-11} 



Prohibited area 

Calling-in point for vessel 
traffic control 

Anchorage for seaplanes 
Seaplane landing area 

Work in progress 
Under const/'uction 

Work projected 

Submerged rums 
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H. 



Topography (Artificial Features) 



SfnaM icol* ehoft 



I RiM or Highway (H> ) 



=<5> 



VHaiHighway markers 



Lock 



(Tideflate, Floodgaie) 
tl3 Cana/, Ditch, Lock, S/u/ce (point upstream) 




SmoII-Ktt't charr 



2 Track, Footpath, or Tr^i 



tl4 Bridge^^^^ m general 



M A L $ RR 



Stun* grod« abort tt'ow 

i 3 /?«?//,vd/( R; } /'s/^^/e 0/^ double track}. Railroad ( R R ) 



Jc/ 1 ram way 



3b Ra:l^dy station 



14d Stone, concrete bridge f Same as M l^} 
14b Wooden bridge I Same as H-f^} 



i4C /ron bridge ^Saire as HJ4J 



I4d Suspension bridge fSame as H-I4J 




15 Drawbridge (m general) 



3c ^unnef (railroad or road) 



16 S»v/rt^ bridge (Same as H-lSl 



1911 llllilllllllli 14 I4AII IIIII4 - • — 1 "1 "-Tiri'inf-"-f-T--l 

1 9f f t 9f tl 19 V 9t 9VV 9 V f IflWl I Vtll V ^mwnttfFWWft^tWlwnffTWWfllWWWll 



3d Embankment, Levee 



t«««t9199tf1f9ll1* 19 99 99 91199* ^rtnrn n nrrniMiwrwiMHiimuiii'itrm 

99l9lll99ll9lll4lll»ft*ll*l*4l4 n ii n wa „4ami^^,,M,imitimagHUiiii» 



3e Cuftmg 



\3f Causeway 



^GiSmV OVERHEAD POWER CAtLE 
^^fflgk^UT^OHlZED CL 140 FT 

TOWER ^S^JOWER 

4 Ove''head power cable iovhd pwr cab i 




I6b Weighbridge or Bascule bridge 



5 Power tran$misS'Or^ hne 




5a Powef^ transmission mast 



J IH Transporff^' dgc loame as H-14) 



Tel 



6 Pron^.nent telegraph or telephone hne 



VERT CL 6 ?T 

18a Bridge clearance, vertical 



7 A :fueduct. Water pipe 



8 V'aduc f 



HOR CL 28 FT 

I8b Bridge clearance, horizontal 




19 f*er/y (Fy) 



t8a ^ ' P'P^i'"^ 

t9 A///)^, Post (above MHWi /b>e ^1 jO; ifWdJ Cd6/e ferry 



On inol/ ical» chort 



|C«bl« ftn/ 



J>a_MasJ^ 

10 '^^ghway '')ee /y /^ 



i>r; fort/ 



21 



T 




Buildings and Structures 


(see (leneral Remarks) 


i 


JU^L 






^ C/'y OA Town (large scole} 


26a 


J^icioi^ Ave . 




-imr 








Ha) 


C3« 0 






-■'t City or Town (sm$ll scale) 






Boulevard 


a 








Suburb 


27 


Tel 


Telegraph 






V.I 


Village 


2H 


Tel Off 


Telegraph office 


Sa 


1 






I Buildings in general 
1 ^ ^ 


29 


P 0 


Post office 


4 








30 


Govt Ho 


Government house 


5 


■ ^ 


c 


I 








Town hall 


6 








Villa 


32 


Hobp 


Hospital 


7 








Farm 






Slaughterhouse 










33 




8 


+ t 


Cm 


Church 










+ I 








34 


Mdg2 


Magazine 


Ha 




Cathedral 




Hb 


OsPIRE t 




Spire, Steeple 


34a 




Warehouse, Storehouse 


9 


+ I 






Roman Catholic Church 


35 




tio 








Temple 


36 


'^CUP Cup 


Cupola 


U 


+ 1 






Chape'i 


37 


(T\ 0 
'^CLEV Elev 


Elevator^ Lift 


tl2 


A 






Mosque 


(ie) 




Elevation^ Elevated 


tl2a 








Minaret 


3S 




Shed 


Hb) 








Moslem Shrine 


39 




Zinc roof 


tl3 








Marabout 


40 




Rums 


tu 




Pat; 


Pagoda 


41 


Otr 


Tower 


tl5 








Buddhist Temple, Joss-House 




Oabano ut ho 


Abandonee hghthouse 


tl5a 








Shinto Shrine 


42 


^ « Q 


Windmill 


16 








Monaste'^y ^ Convent 






fwa rcrfnilt 


17 

1 








Calvary^ Cross 


43a 


^ 0 

WINDMOTOR 


Windmotor 


j I7a 


1 






Cemefefy, Non^Chnstian 






IS 








Cemetery , Chns tian 


44 


OcH^ °Ch> 


Chimney^ Stack 


IHa 








Tomb 


45 


Os'PIPE °S pipe 


Water tower^ Standpipe 


19 








Fort i^cfua- .ifjape c^a^fedi 


46 




Oil tank 


it20 

{ 










A 7 


^ ft r i( t V 


Factory 


21 








Barracks 


48 




Saw mill 


22 








Powder magazine 


49 




Brick kiln 


23 








Airplane landing field 


50 




Mine Quarry 




. Airport I 












24 








Airport, l^rge scale (See P-IJ) 


I 5/ 


^ Well 


Well 


ilc) 














C 'Stern 


Midi 








A'rporr^ cuii (small scale) 


53 




Tank 


25 


jr 






Moor.ng mas* 


54 




Noria 


26 


King St 


St 


Streef 


55 




F oun tain 







I. 






Buildings and Structures (continued) 


61 








OoAi 




6J 








73 




63 












64 




CX Hi) 






P///5r 


65 


i 






tr6 


0// dbrnck 


fig) 


• 


H S 


A//p/> school 


Hi) 


Hil if fruited 




i 


Un.v 




UJi 


Apt Apdfffrtenf 


66 


■ @ a 


BUiy 




(Ik) 


C<u> Cdpftol 


67 




P<u 




(ID 


Cu Cornpany 


68 






Hut 


dm) 


Cur p ^^Of prf -if/on 


69 








(In) 0 


Landmark /consp,fCuouS object) 


TO 




T 


Tefephor^e 


do) 0 


Landmark (position approx.j 


1 


® • 











\ T 

1 J- 




Miscellaneous Stations 




/ 


Sta 


Any kmd of staffOn 


13 




Tfde srgnal statfon 


2 


Sta 


Station 


14 




Stream signa/ station 


3 




Coesf Guard sfat/on 

fStmf/ar to Lifesavmg Sta.) 


IS 




Ice Sfgnaf $fat/on 


1 




16 




T//ne srgnal sta*'On 


(Ja) 


^BOCG 
^^LWALLIS SANO$ 


Coast Guard station 
(when landmark} 


iI6Q 




Manned oceanographtc station 








iI6h 




Unmanned oceanographic station 


t4 


O LOOK TR 


Lookou* st^*:ot\ \^'a'c^ tower 


17 




/"""e ball 


5 




Lifeboat st3t/on 








6 


^^^^LS S 


Ltfasav^g sfd*on 
fSee 


f Ofs 

i9 6 




P^dQ$^dff^ f^'dQpol' 


r 


»kt Sta 


Rcc^ef s^af'on 


U9a Of th 




f'idg *OAer 


8 
9 


(D O^IL STA 


pin* ^*a*ior^ 


20 
21 




Stg/^ai 

Obserya f:^''y 


10 






22 


Oft 




n 


S S ^ 


^*o' i O''a '^fd'-o'' 


(Jc) °BELL 




Bel' ton tardi 


12 






tJd) ^HECP 




f^arbor entrance ^control posf 


(Jh) 


O W B SIG STA 











K. Lights 



ti 



I tl^ Posf^fon Qf hghf 
I \ L'Qht 

# 

tin. i.-y^'V., 



4 •ai«..)^AEj'0 Aeronautical hght 

(See F'^2j 



' Bnl 



I 0n ^'9^' beacon 



6 #' 



5^ 



/r 

21 
22 
23 
t23a 
! 24 
25 

25a 

26 

27 

28 

28a 




S'ree^ lamp 

Re^-'ec^or 

Ldg Lt Leading hght 

Sector hghf 
Dtrecttonal hght 



E !nt hophase hght (equal interval} 



29 
30 

tSOa 
31 

41 

i 43 

! 

\ 44 

I 

1 (Kc) 
I rKc/> 
45 
46 
4Ha 
47 
I 4S 
49 
50 
5i 

61 



I Qk ^ ^ 

A • ^ » .y» '7 



! 64 
■ 65 
, 66 

67a 
68 

\^8q 



f f- FtMed and flashing hghf 

y (.jp F- ffxed dnd group flashing hght 

Mo Morse code hght 

F^ot Revo^w'^g or Rotating hghf 

Per 'Od 
£^ef y 

M l\ld:. .J ""/'e 

l:>ee £-nj 

m mm M *'• . 

sec 'J 
(See 

L- "f S(* 

0« A 'e' -y Itgh* 

SIC Se 

V / . ^' 

Green 

08%C Ob - .. 'ed ' ght 
fog De* L* Fog defector hght /See N-Nb) 



CO 

3 

i 

o 
o 

&5 

UJ 
00 
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.- . 


Lights 


(continued) 






ti9 














70 


Occat 








Vtn 




71 








HI 


Hor 


Ho* 'JO*'f<i 'yA"s 


72 








(Kf) 


VB 




7:i 


Temp 






(Kg) 


PG£ 


Range 


(He) 


D Dfstr 


Of >*' 0* C'j 




(Kh) 






74 

75 








(KO 


TRLB 


Tempofartly replaced by 
$an^e characfer/sffcs 


76 








(HJ) 


TRUB 


Temporarily replaced by 

iinfi/intArf AuOiy 


77 




i.>'kVt»* 




(Kk) 


TLB 


Temporary itghfed buoy 


78 








(KO 


TUB 


Temporary uniightQd buOy 



L. 



hi 



Buoys and Beacons (see General Remarks) 



i.qh* b-^cy 
Be ' t.. :., 

kK"^5* *? buOy 

Nun :}r Co'^.Ca- buOy 

Sonerrcd' c^v 
Spa' r 

Pillar or Spindle buoy 

BuOy with topmark (ball) 
(see L'70} 



t/5 



1358 



S'j c/''7-^ ' « " »■ io' *e'- '^g 

P ' » . h^' ■} ^ • , liy ' J *r 



IJ 




■ 


IS 




■ 






19 










20 


■ 


■ 


20g 


■ 


■ 




■ 






■ 






Bifurcation ouoy (RBHB) 

Junction buOy (RBHB) 

Isolated danger buCy (RBHB) 

Wreck buoy fRBHB or Gj 

Obstruction buoy fRBHB or Gj 

Teiegraph^cabie buOy 

Mcc-'^n tji^ , (colors of moor - 
i^g buo/s never earned) 

Mooring 

Mooring buo/ //'fh teleg'^sphiQ 
cornmun-ca^fOns 

Moo'-'^g buoy *v-*^ telephonic 
CCnin^uf'"Cd*ions 

Warping buoy 

Oaa'a"f ''-e buOy 
Practice area buoy 

Exp'os-^e ^'H.horage bucy 
AerO'^^aufica' cinchorage buoy 

Compass adjustment buOy 
fish trap (area) buoy (BWHB) 

Spoil grou''>d buOy 

Anchorage buo^ (marks f>mtfsj 

Private aid to navigation (buoy) 
(ma in tamed by pn va te m teres ts, 
use with caution) 
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Buoys and Beacons (continued) 



30 
30a 

>' m 

^ m 

4, □ 

4. ■ 

43 ^ 

44 □ 



4b 



46' 



47 



48 

i48a 
i48h 



5i 



52 < 



53 



54 



HB Hof'iOriW 5^' 'Pes or blends 



Dieg Diagonal bends 



W 



B 



Br 

Bu 

Or 



BidCk 

Gree'^ 



Gray 



B'\/e 



A -'Ce- 



ss 

56 
57 

58 



i59n 




62 



63 



(Ld) 0 



64 



65 ^MARKER 



f Med bedcor f^-. :f^-*od of 

Private d'd fo navigaf'On 
Bedcor>, ger^e^d^ /See L'52) 



i66 



i67 



Cardinal marking s/stefn 



Compass adjustment beacon 



Topmarks (See 70) 



Telegraph *c4bl^ (ianding) 
beacon 

P^/es fSee 0^30, H^9) 



Stakes 

Stumps fSee 0^30) 
Perches 



61 OcAIHN ^C«.m Ca^rn 



Painted patches 



Landmark (conspfCuOus object) 
fSee D'2) 

Landmark (position 
appro/ttmate) 



REF Reflector 



Range to'' gets, markers 
SpeC'ai-purpose buoys 

0// installation buoy 

Drilling platform 
(See 0-Ob. O-OcJ 



70 Note: TOPMARKS on buoys and beacons may 
be shown on charts of foreign waters. 
The abbreviation for black is not 
shown adjacent to buoys or beacons. 



(Lf) 



Radar reflector (See M-O) 
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M. 



Radio and Radar Stations 



(0 )r Bn 
(o)h Bn 



5 
6 



RO 



^ RDF 

(Ma) Otcum ant 
i(Mh) On mL4Y MAST 

it Mi) Omicho tr 

O R MAST 

On TR 



t9<? Otvtr 

1090 KC 



RddfO telephone s^atton 

Rad'O rdnge 

Rof^^tng hop f dd'Obedcof^ \ 

I 

tl7 



13 
i4 

i4a 

15 



O ) Rscon Radar respof^der beacon 

Ra Ref Radar reffectoi (See L-Lf) 
Ra (conspic) Radar cansp/cuous object 
Ramark 



Wa ^ R Sta 



'^adto difectton finding sfafiorf 

Toiemefry dfffe^na 

Radio relay rnast 

Microwave tower 

Radio rna$f 
Rad'O fowe'^ 

TefevtSion mast; Television tower 
Rad'O broddcosftng s^afio^i 

fCOfTirrif^t cia'} 
0 TO Rad'O '^tciron 
Radar s tatton 



tl8 

H9 

(Md) 

(Me) 

(Mf) 
i(Mfj) 



D F S 

, AERO R Bn 
O J 302 =ih 

D«cca Sta 

Q toran Sta 
Venice 

GONSOL Bn 
O ) 190 Kc 
MMF " 



Distance fmdmg station 
isynchrontzed signals) 

Aeronautical radiobeacon 

Dacca station 

Lo an station f name J 

Consof (Consofan) station 



O ^ AERO R Rge - , ^ 

y IT^C Aeronautical radio 



range 



^ ) Calibration Bn Rador calibration beacon 



p. tORAN TR 

^SPRING ISLAND Loran towef (name) 
^ F Obstruction light 



N. 


Fog Signals 








13 ^'iff/V 


Tog horn 


2 




ii3a HORN 


Electric fog horn 


J 




14 ri,. 


F -i • 


1 


'>..^"Vy ' •■^ ♦ ' ; . ;• j 






1 




16 ^\ 


frti...j t. 






tr . . 


f"M} Qt.tiQ 


7 -x.ti : ■ 


^y^t/'^ar sc>" )*i ' 


ti8 H^H 


.f*H' ■\aui^1 '^ign^: not 








iSee A/-S.6.7y 






ti8a BHH 












10 ..V 


f '::{J /^^ 


(\a) ^ ^% 


.- 


// »^tN 


; >v 


(\h) f^^ L 


Toy detector hqht (See K 66aJ 










\ ..^ 









o 

LU 
CQ 
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o. 



Dangers 



\ kri\ HA'- J. V . ■* »f 

fSee Genera/ Remarks) 



i^reck aho^/ng any portion of hut' Of 
supffrsff jc*urefabov$ sounding dafum) 



(above sounding da fun)) 



^Vre" of 0'^ or 0-3 's con- 
S'Oe^ed a danger to n^vgafion 



t4 Sunken rock dangerous to 
surfdce n^vrg^tfon 



tl4 Sunken wreck dangerous to surface 
navigation (less than II ^afhoms 
over wreck) (See O-Sa) 



15 W^eck ovef which depth >% known 



5 Shoal sounding on isolated rock 
(replaces symtoO 



tl5a i^reck wfth depth cleared by 
wire drag 



16 Sunken wreck, not dangerous fo 
Surface navigation 



surface navigation (nrtore than 
II fathonns over rock) 


18 








Overfalls or 
Tide f^'ps 


n imo" (MMl 


6a Sunken danger with depth cleared 
by wire drag (m feet or fa*hon^s) 









19 idd'es 



7 Reef of unknown extent 



H Sud^ai'^e volcano 



20 ^elp. Seaweed ^y^bo' .tea o"-, 



9 0 'ico -'O'ec/ wa^er 



10 C.j'd' ''ee'. (Je^ac.'^ed fn'^'iOvf^f's at 




C^)''a- (■' l^.'Ct 'te^. -. >v'-'a i* 



1^/ 


8m 




Sh/ 


2,i 


Rf 






24 


Le 



R-dge 



JT Obrytr uLfion 



28 Wreck (See O-H fo 16) 



J9 Wreckage 



J^hi A/rv'.:k reriatns (dangerous 
only for anchoring} 



kIO Subn^erged piling 
/See H^9, L 59) 



:tOa Snags, Sut '^f^^ged s tu/ryps 
(See L'59} 



:ijr U'}:<-. Cm .. fSee A-IO. 0-2, 10) 
Cov ^J. e" (See 0-2, 10) 

(See A-IO; 0-2, 10) 



Reported (with date) 



35 Reported (with name and date) 



36 Discoi Discolored (See 0-9) 

37 Isolated danger 




t38 Limiting danger line 



39 Limit of rocky area 



41 PA Positron approxirnate 

42 P D Position doubtful 

43 ED Existence doubtful 

44 P Pos Position 

45 D Doubtful 
\46 Unexammed 




25 Breakers A-z.-'j 



26 Sui^^ifn »-> 





(Oa) 


Crib 








fOh) 


Offshore platform (unnamed) 






((h } 


Qf^^hr}' e p'a^fof^^ ( nr}mp/j 1 



CQ 

o 
o 

CO 
09 



15: 



p. Various Limits, etc. 




(Pan 



Le^^tny /tne, Range i)n^ 
Transit 
In lint tv/^/> 

Li(nnit of sector 
Channe/, Coo' se, Tr^ck 



duO/s c beacons f (See ^'2/}' IB 



I 



Aff^'ra^e course 



19 

20 

t2l j 

Submarine cable area | 

AbaniSoneiS submarine cabh \ 
(includes dtsused cable) 



Radar guided tr^ck 

Submar.ne cao/e (power, 

*eieg^aph, telephone, etc } \ 



Submarine ptpelme 

Submarine pipeline area 
Maritime limit m gene /^a I 

Limit of restricted area 

Limit of fishtng zone 
(fish trap areas) 

U S Harbor Line 

Limit of durrtpmg grou'^d 

spoil ground fSee P-i 



3) 



Anchorage hmit 

Limit of airport fSee 1-23. 



24 



25 



MPd) 



ifPf) 




Limit of military practice areas 
Ltmit of sovereignty 
(Temtortaf waters) 

Customs boundary 
International boundary 
(also State boundary) 

Stream hmit 
Ice hmit 

Limit of fide [ 

Limit of navigation j 

Course recommended (not j 
marked by buoys or beacons)] 
(See P-5] ! 

District or province limit 

Reservation line 



Measured distance 

Prohibited area (See 0-12,46) 
Shipping safety fairway 

^ Directed traffic lanes 
Fish haven (fishmg reef) 



Q. 



2 
3 
4 



6 
7 
8 



Soundings 




9a 



Doubtful sounding 


iio 






Ha.i 'I'mc depth figures 


'V'c OO^torr ^O'jna 
Out of position 

Least depth m narrow channels 


U 


m § 




Figures for ordinary soundings 

Sound'r^g^ taken from foreign 
i hor ts 


Dredged channel fwith 

controlling depth indicated) 


12 






Soundings tsken from older 
so weys(or smaller scale chts)\ 


Dredged a^es 


13 




!^ 


1 

Echo soundings \ 

1 


Swept chsrnef i\ee '^-9/ 


14 


m n 


m 


Shp-ng fgu^e'i iSfe 


f%r.;i o c/a'u'^' 


15 
tl6 


m i 


m 


Upright figures iSee O-iOaJ 
Bracketed figures I'See 0*L2l 


Swep* ^^ea. '^c* adequately 
zoo^ded A" 










17 






Underlined sounding figures 

Q-8) 




IH 


m ^ 


m 


Soundings expressed m 
fathoms and feet 


i*ag *.■ J^/ :3*^r/i 


(Qa) 






Unsounded area 
Si' earn 
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Fr. 




Depth Contours and Tints (set* Cleneral Renmiks) 





Fathoms 


300 


50 


600 


100 


f.200 


200 


1,800 


300 


2A0O 


^00 


3,000 


500 


6,000 


1,000 


/2,000 


2.000 


/ 8,000 


3,000 


Qr continuous hnes^ 



with values 




s. 




Quality of the Bottom 





— " 


tl 


Crd 


QrOij nd 


24 


Oys 


Oy% t&rs 


so 


spk 


Speckled 


2 


S 




25 


Ms 




51 


gty 


Gritty 


3 


M 


'w'U'J, 'V'WyJjr 






SpO^Q& 


t52 


dec 


Decayed 


4 


0^ 


Oo2e 


f 27 


K 


Hefp 


53 - 


fly 


Fhnty 


j 

I 5 

; 6 


Ml 

Ci 


Mdrf 


28 


\ Wd 
[ G's 


Sea^i^^t^^o 
G^ass 


54 

t55 


glac 
ten 


Glacial 
Tenacious 


7 


G 


Qravti' 


t29 


StQ 


Sea'tangie 


56 


wh 


m.^e j 


8 


Sn 




t31 


Sof 


Spicules 


57 


bk 


1 

Black 1 

i 


9 


P 


PpoD e$ 


32 


fr 


forai^inifera 


58 


VI 


Violet 1 


! 10 


Sf 






Gl 


GlOt^iQGfina 


59 


bu 


Blue 


1 


Rk, rky 


Rock, Rocfiy 


I 

: 34 

1 


Di 


Diatom 


60 


gn 


Green 


! lla 


Bids 


Bounders 


35 


Rd 


Rad'Oldfia 


61 


yi 


Yellow 


12 


Ck 


C^a-if 


i 

36 


Pt 


Ptefopods 


I 62 


or 


Orange 


I2a 
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AIDS TO NAVIGATION ON NAVIGABLE WATERWAYS 
except Western Rivers and Intracoastal Waterway 



LATERAL SYSTEM AS SEEN ENTERING FROM SEAWARD 
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Anpendix B 

USEFUL PHYSICAL LAWS AND 
TRIGONOMETRIC FUNCTIONS. 



A. Kepler's Laws 

1. The orbits of the planets are ellipses with the sun at a common 
focus. 

2. The straight line joining the sun and a planet sweeps over equal 
areas in equal intervals of time. 

3. The squares of the orbital (sidereal) periods of any two planets are 
proportional to the cubes of their mean distances from the sun. 

B. Newton's Laws of Motion 

1. A body at rest or in uniform motion will remain at rest or in 
uniform motion unless some external force is applied to it. 

2. When a body is acted upon by a constant force, its resulting 
acceleration is proportional to the force, and inversely pro- 
portional to the mass. 

3. To every force there is an equal and opposite reaction force, 

C. Newton's Law of Gravitation 
(Universal Law of Gravitation) 

Every particle of matter attracts every other particle with a force 
that varies directly as the product of their masses and inversely as 
the square of the distance between them. 

D. Foucault's Law 

A spinning body tends to swing around so as to place its axis parallel 
to the axis of an impressed force, such that its direction of rotation 
is the same as that of the impressed force. 

E. Trigonometric functions 



B 




Side opposite 
hypotenuse 
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Appendix B- USEFUL PHYSICAL LAWS AND TRIGONOMETRIC FUNCTIONS 



Tangent A • aA. . gjg^ 
cotangent A = b/a - 

cosecant A = c/a - 

2. Versed sine A = 1 - cosine A 
Co-versed sine A = l - sine A 
Haversine A « 1/2 (1 - cosine A) 

3. The cosecant is the reciprocal of the sine. 
The secant is the reciprocal of the cosine. 
The cotangent is the reciprocal of the tangent. 
The tangent equals the sine divided by the cosine. 

4. The complement of an angle equals 90* - that angle. 
The supplement of an angle equals 180" - that angle. 
The explement of an angle equals 360" - that angle. 

5. The sine of an angle is the cosine of its complement. 

The tangent of an angle is the cotangent of Its complement. 
The secant of an angle is the cosecant of its complement. 
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Appendix D-2 



CUMENT MPfEKNCES AND OTHER CONSTANTS 



No 



HaCE 



fOsmoN 



lot. 



long. 



Slock 
wOltf 



Mail* 
mum 
currant 



VIIOCITY 
RATiOS 



MOll* 

mum 
flood 



Moxi. 
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MAXIMUM CUEttNTI 
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Oiffc* 
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Itrwol 
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ItTMOl 
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v«tOC* 



5360 
5365 
5390 
5396 
6400 
6406 

6410 
6415 
5440 
6446 

5430 
6436 



5440 
544f 
5450 



5455 
5460 
5465 
5470 
5475 
5460 



54£^ 
5490 
5495 
5500 
5503 
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5510 
5515 
5520 
5525 
5530 

5535 
5540 
5545 
5550 
5555 
5560 
5565 
5570 
5575 
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ST. JOHMS RIVER«*Contlnytd 



St, Johni Bluff— — 
Orumond telnt» channel south of— 
R^oonU Park—- *— — — ^— — — — 
ChAitvtllOf channol noar— — — — 
QuiPtntlnt Station, Long Branch— 
ODi tw odo r a Boint, tarrnlnal channol- 



Jackaonvllla, off Washington St — 
Jacksonvllla, F. E. C. RR. brldga- 

Wlntar l^lnt 

Ikndarin fbint — 

Rod Bay fbint, bridga draw— — — 
Toco I to Laka Gaorga— — — — — — 



Hi 



30 23 
30 25 
30 23 
30 23 
30 21 
30 19 

30 19 
30 19 
30 16 
30 09 

P!9 59 



on ST. JONMS RIVER EMTRMCE, p.W 
rtM aarldtofl, »*K. 
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61 41 
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43 10 

4fi 50 
43 00 
43 10 
43 20 
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0,7 
0.6 
0.6 
0.6 
0.6 

0.9 
0.6 
0.6 
0.3 
0.5 



1.0 
0.7 
0.4 
0.7 
0.5 
0.4 

0.6 

0.7 
0.5 
0.3 
0.3 



M 
130 
190 
150 
166 
<10 
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840 
800 
160 
115 
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1.3 
1.1 
1.1 
1.1 
1.0 

1.6 
1.6 

1.1 
0.6 
0.9 



60 
60 

360 
336 
0 
60 

UO 
60 

16 
16 

300 



FLORIDA COAST 

Ft. Plarco Inlat 

Laka Morth Inlat^ (batwaan Jattlas)- 
Fort Laudardala, Naw Rlvar-~-*— — 

mi EVERSLAOES 



Plop 2, 1.3 fflllas aast of- 

Entrenca, bati^oon Jatt las ■ — 

Entranco from southward (canal)—— 
Turning BasI n-»— — — — — — — 

Turning Basin, 300 yards north of— 
17th Straat Bridga-^—————— 



MIAMI NARSOR 

Bakars Haulovar Cut— — — — — — 

North Jetty (aast and)— — — 
Miami Outer Bay Cut entrarrce— — 
MIAMI HARBOR ENT. (between jettlas)- 
Fowey Pocki Light, 1.0 miles SW. of- 

FLORIDA REEFS to MIONISMT PASS 



Caasar Creak, Biscayne Bay— — — — ■ 
Long Key, drawbridge east of — * — — — 

Long Kay Viaduct — 

Moser Channeri, drawbridge — — — . 

Bahia Honda Harbor, bridge — 

No H^e Key, NE. of 

i$y Vast 

Main Ship Channel entrance 

Main Ship Channel-— 

KEY WEST, 0.3 mi. W. of Ft. Taylor 

0.6 mile N. of Ft. Taylor 

Turn i ng Basi n— —————— 

Northwest Channel — — — — — 

Northwest Channel- 

Boca Grande Channel 

New Groundt — — * 
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126 06 
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25 46 
25 35 
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24 39 



an 1 


(lAMI HARIOR ENTRARCI 
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See table 


5. 
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« Flood begins, 42* 35»; maximum flood, 43* 25"; ebb begins, ♦6" 00"; maximum ebb, 00*. 
* Flood usually occurs in a southerly direction and rhc ebb in a northeastwardly direction. 
» Times of slack are mdef inite. Flood i s weak and var iabi e. Time d i f f erence is for maximum ebb. 
t Curren-t tends to rotate clockwise. At times for slack flood begins there may be a weak current 
flowing northward while at times for slack ebb begins there may be a weak current flowing southeastward. 
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TABLE 3. — VELOCITY OF CURRENT AT ANY TIME 



Table a 




Interval bi*tweon slack and maximum current 




1 21)' 


A fA 
l' 40' 


A. m. 1 

2 00 1 


A. 75. 

2 2U 


A. 7n. 
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3 20 


A. 77). 

3 40 


A. 77). 

4 00 


A. 77). 

4 20 


A. 77). 

4 40 


A. m. 
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0.4 
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0.3 
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0.3 
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0.3 
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0.3 
0.4 
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0.0 
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0.0 


B 4 00 
JS 4 20 
^ 4 40 


















1.0 
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... 
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1.0 
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Table B 




Interval between slack and maxlmu;n current 




A. m. 
1 20 


A. m. 
\ 40 


A. m. 

I 200 


A. m. 

2 20 


A. m. 
2 40 

1 


1 A. 7n. 
i 3 00 


A. 77). 

3 20 


A. 77). 
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A. 77). 
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Dm Table A for all plaws iwpt thos*» listoii Mow for Table B. , . « ^, « » . » 
Um Table B for Capp Cod Canal, Hell Gale. Chesaiwake and Oelawaro Canal and all stations In Table 2 which 
aiv referred to them. 


1. From predictions find the time of slack water and the time and velocity of maximum current (flood or ebb), 
one of which is immedlat4»ly before and the other after the time for which the velocity is desired. , 

2. Fintl the interval of time h*?twefn the above slack and maximum current, and enter the lop of T able A or B 
with the interval which most nearly agree.s with this value. * ^, * 

3. Find the interval of time between the above slack and the time desired, and enter the side of 1 able A or B 
with the interval which most nearly agrees with this value. ^ . . » . , . 

4. Find, in the table, the factor corrcspondlnp to the above two Intervals, and multiply the maximum velocity 
by this factor. The result will lye the approximate velocity at the time desired. 
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Appendix E-1 



LUMINOUS RANGE DIAGRAM 



NOMINAL RANOe IN SEA MUES 




ERIC 



Appendix E-2 



Distance of visibility of objects at sea: 



Ht. in ft. Naut. Mi. 

1 1.1 

2 1.7 

3 2.0 

4 2.3 

5 2.5 

6 2.8 

7 2.9 

8 3.1 

9 3.5 

10 3.6 

11 3.8 

12 4.0 

13 4.2 

14 4.3 

15 4.4 

16 4.6 

17 4.7 

18 4.9 

19 5.0 

20 5.1 

21 5.3 

22 5.4 

23 5.5 

24 5.6 

25 5.7 

26 5.8 

27 6.0 

28 6.1 

29 6.2 

30 6.3 

31 6.4 

32 6.5 

33 6.6 

34 6.7 

35 6.8 

36 6.9 

37 6.9 

38 7.0 

39 7.1 

40 7.2 

41 7.3 

42 7.4 

43 7.5 

44 7.6 

45 7.7 

50 8.1 



Ht. in ft. Naut. Mi. 

55 8.5 

60 8.9 

65 9.2 

70 9.6 

75 9.9 

80 10.3 

<>r 10.6 

90 10.9 

95 11.2 

100 11.5 

105 11.7 

110 12.0 

115 12.3 

120 12.6 

125 12.9 

130 13.1 

135 13.3 

140 13.6 

145 13.8 

150 14.1 

160 14.5 

170 14.9 

180 15.4 

190 15.8 

200 16.2 

210 16.6 

220 17.0 

230 17.4 

240 17.7 

250 18.2 

260 18.5 

270 18.9 

280 19.2 

290 19.6 

300 19.9 

310 20.1 

320 20.5 

330 20.8 

340 21.1 

350 21.5 

360 21.7 

370 22.1 

380 22.3 

390 22.7 

400 22.9 
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1 09 


1 10 


t II 


318 


ai la 


18 


1 12 


1 13 


1 14 


1 15 


3*9 


ai 16 


19 


1 16 


X 17 


1 iB 


1 19 


3'0 


21 20 


ao 


1 20 


X ai 


1 aa 


1 'S 


3'l 


21 24 


ai 


1 24 


1 '5 


1 a6 


1 27 


3" 


21 28 


aa 


1 28 


X 29 


1 30 


1 SI 


3'3 


'1 32 


'3 


1 32 


1 33 


1 34 


1 35 


3'4 


21 36 


'4 


1 36 


1 37 


1 38 


1 19 


325 


21 40 


'5 


1 40 


X 41 


« 42 


1 43 


3'4 


21 44 


a4 


1 44 


1 45 


1 46 


« 47 


327 


21 48 


'7 


i 48 


1 49 


1 50 


« 5t 


3'8 


21 52 


a8 


X 52 


X 53 


« 54 


« 55 


3'9 


m • 

21 5^ 


'9 


I 56 


X 57 


1 58 


1 59 


330 


22 00 


30 


2 00 


a ox 


a 02 


8 03 


331 


22 04 


31 


2 04 


2 05 


a o4 


a 07 


33' 


22 08 


3' 


2 08 


a 09 


a 10 


a tx 


333 


22 12 


33 


2 12 


' X3 


' X4 


' «5 


334 


22 16 


34 


2 16 


2 17 


a x8 


a 19 


3M 


22 20 


35 


2 20 


2 21 


a 22 


' 23 


334 


22 24 


34 


2 24 


2 '5 


2 26 


a a7 


337 


22 28 


37 


2 28 


2 29 


a 30 


' 31 


338 


22 32 


38 : 


2 32 


2 33 


2 34 


' 35 


339 


22 36 


39 


2 36 


2 37 


a 38 


' 39 


340 i 


22 40 


40 


2 40 


2 41 


2 42 


' 43 


341 1 


22 44 


41 


2 44 


2 45 


2 46 


' 47 


342 1 


22 48 


42 


2 48 


2 49 


a 50 


2 51 


343 1 22 52 


43 


2 52 


^ 53 


' 54 


' 55 


344 i 


22 56 


44 


2 56 


2 57 


a 58 


' 59 




23 00 


45 


3 00 


3 01 


3 oa 


3 03 


346 


23 04 


46 ' 


3 04 


3 05 


3 06 


3 07 


347 


23 08 


47 


3 08 


3 09 


3 10 


3 XI 


348 


23 12 


48 1 


3 12 


3 13 


3 14 


3 15 


349 

I 


23 16 


49 1 


3 16 


3 ^7 


3 <8 


3 19 


350 


23 20 


50 


3 20 


1 

3 21 I 


3 22 


3 23 


351 1 


23 24 


51 


3 24 


3 25 


3 26 


3 27 


i 


23 28 


52 


3 28 


3 29 


3 30 


3 31 


353 1 


23 32 


53 ' 


3 32 1 


3 33 


3 34 


3 35 


354 : 


23 36 


54 . 


3 36 1 


3 37 


3 38 


3 39 


355 " 


23 40 


55 1 


3 40 ' 


3 41 


3 42 


3 43 


356 1 


23 44 


56 : 


3 44 : 


3 45 


3 46 


3 47 


^57 i 


23 48 


57 ! 


3 48 . 


3 49 


3 50 


3 51 


358 1 23 52 


58 


3 52| 


3 53 


3 54 


3 55 


%$9J 


^23_S6^ 


59^1 


3 56 I 


3 57 


3 58 





The atHivc ta^le is for sonvcrnrig cxpri'vsions in arc to ihcir cquivnlcni in time ; its main use in this Almtxuc 
IS tilt the cotucrsion ot Umgitudc lor iipplicain^n ri> l..M/r. u/t/c/vJ it unt, Uibtrtuted if east) to give G.M.T. or vice 
versat partiwulariy in the ta&e of sunrise, bunsett etc. 
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Appendix F.4 best COPV AVAILABLE 

ALTITUDE CORRECTION TABLES 10 -90^- Sl)N,STARS,PLANETS 



OCT.--MAR. SUN APR.-SliPT. 



App. 

Alt. 



Lower upper 

Limb Limb 



' 4 10-8 ~ai 3 

9 45 

9 56 
10 08 
10 21 
10 34 

10 47 
XI 01 

11 i; 
II 



-r- iO'9-ai 4 

f n o -2t 3 

t in -ai a 
112 ai I 
-hll 3-ai 0 
r 11-4 

^ + 11-6 

^64.118 
12 02 

12 19 

37 

55 

14 

35 



ao 9 
ao8 
ao 7 
ao 6 
ao-5 
ao«4 



12 
12 

13 
13 
13 
14 



18 



14 42 

15 06 
15 32 

15 59 

16 28 

16 59 

17 32 

18 06 

18 42 

19 21 

20 03 
20 48 



21 
22 
23 
24 

25 



26 36 

27 52 

29 15 

30 46 
32 26 
34 17 
36 20 
38 36 
41 08 

43 59 
47 10 
50 46 
5< 49 
59 23 
64 30 
70 12 
76 26 
83 05 
90 00 



-r 12 0 -ao 3 
+ 12 ! -ao a 
■t 12 J - ao I 
-^ I2'3 -ao 0 
t 12 4 -19 9 

5^ 4 12 5 -^19 I 

^ 12-6 - 197 

♦- X2'7-I9 6 
I2 R - 19 5 
-hI2'9-l9 4 
-h I3'0 -19 3 

-t- I3 i -19 a 
^ 13 2-19 I 
^ n'3-i90 
-^13 4 - 9 

^ 13-6 -^U 7 
« 13 7 - i« 6 
+^ 13 8 
^ 13-9 
- 140 
t 14 I 
\ 14 2 

♦ I4'3 

♦ 144 
f. 145 

♦ 14-6 

♦ 14 7 
+ 14 8 
^14 9 

♦ 13 o 
t.15 I 

♦ 15 2 
15 3 
^5 4 
15 5 
15 6 
15 7 
15 8 

15 9 

16 o 
16 r 



35 
26 
22 
21 
26 



18-5 
l8-4 
18 3 
18 a 
t8t 
18 0 
17 9 
17 8 
17 7 
17 6 
17 5 
17 4 
17 J 

17 a 

17 t 

I? 0 
16 9 

16 8 
16 7 
16 6 
16 5 
164 
16 3 
i6 2 



App. 
All. 



Lower Upper 
Limb Umb 



9 39 MO 6 

9 5x4^,07 
^° °3+,o.8 
^° ^5 ^10 9 
^0 27 + 110 

10 54 

11 08 

23 



It 
II 
II 
12 
12 

12 46 

13 05 



at a 
art 
at 0 
209 
ao 8 
ao-7 

+ ir2-ao6 
^ir3 "5 
rir4-ao4 
3^ +115 -ao J 
54 4- ii -6-ao a 

2^ -hii'8 -aoo 
-r 1 1-9 - 19 9 
-r 12-0- t9 8 



»3 45 +12.2 
14 07 



t9 a 

t9 1 
'90 
tB 9 
tB 8 
t1-7 



^3 24^,2.,.,,, 

t9 6 

i-I2-3 -t9 5 

^4 30^,2.^.,,^ 

^4 54 +12. 5_, 

»5 19.126 

»5 46^,27 

16 »4 .,2 8 

»6 44 ^x2-9 

»7 15^13-0 

»7 48^,3., 

»8 24.,3.2...8 6 

^9 01 .13.3 

19 42^,3.^ 

20 25 

21 II 

22 00 

22 54 

23 51 

24 53 

26 00 

27 13 

28 33 

30 00 

31 35 



33 
35 
37 
39 
42 

45 
48 

52 



20 

17 
26 

50 
31 
31 
55 
44 



57 02 
61 51 
67 17 
73 16 
79 43 
86 32 
90 00 



^ 13 5 - 
^ 136 

^ 13-7 
•f 138 

-13 9- 
t 14-0- 
t 14-1 
+ 142 

• 14 3 

14-5 - 
t 14 6- 

♦ 14 7 
t 148 

r 14 9 

- 13 0 

* 15 I 

* 15 2 

* 15 3 

* 15 4 

* 15 5 

♦ 15 6 

• 15 7 
. 15 8 

• 15 9 



18 5 
184 

IB 3 
t8 a 
t8 t 
tB 0 

t7*9 
t7 3 
I 7 
t7 6 
17 5 
t7 4 
17 3 
t7 A 
t7 t 
t7 0 
t6 9 
t6 8 
t6 7 
16 6 
16 5 
164 
16 3 
t6 2 
tt t 
16 O 
15 9 



STARS AND PLANETS 



App. 
Alt. 



Corr" 



9 56 ^ 
10 08 . 
10 20 ^ 
10 33 , 

10 46 _ 

11 00 
II 14 
II 29 



5 3 

- J'2 

'5 0 
-4 9 

-48 
-4'7 
-4'6 
XX 45 _ 
12 01 _ 
12 18 
12 35 

12 54 

13 13 
X3 33 

13 54 

14 x6 

14 40 

15 04 

15 3,0 

X5 57 ^ 

16 26 

16 56 

17 28 

18 02 



4'5 
-4'4 
-4 3 
-42 

'-4'X 
•-4'0 

-3-9 
~3'8 
7 
6 



3 
3 
3 
3 
3 

~3 
-3 
-3 

x8 38 Z2 
X9 17 „2 

19 58 

20 42 

21 28 

22 19 

23 U 

24 II 

25 14 

26 22 

■7 36 
28 56 

30 24 

32 00 

33 45 
35 40 
37 48 
40 08 
42 44 
45 36 
48 47 
52 18 
56 II 
60 28 
65 08 
70 1 1 
75 34 
81 13 
87 03 
90 00 



-2 6 
-25 

-24 

-23 

-2-2 
-21 
20 

-1-9 
-1-8 
-1-7 
I 6 

-15 
-14 

-x-3 

- I -2 

- I O 

•0-9 
-0-8 
0-7 
06 
• 0 5 
■ 0 4 
0 3 
o 2 

O I 

o o 



App. 
Alt. 



Additional 
Corr" 



"t 01 



t' 0'2 

6-Oci. I 
0'3 

2-Oct. 16 



0-4 
0-5 



1970 

VENUS 
Jan. i-July 22 
o 
42 

July 23-Scpi. 5 

0 
47 
Sepi 

o 
0 

46 

Oct. 

0 
II 
41 

Oct. 17-Oct. 24 
0 
6 

20 
3t 

Oct. 25-Nov, 28 
0 

4 
12 
22 

Nov 29-Dec. 6 

o 
0 

6 

20 
31 

Dec. 7-Dec. 21 
0 
0 

II 
41 

Dec. 22-Dec. 31 

6 

46 



- 0-5 

- 0 6 

- 0-7 



06 
07 
0-8 



05 

0-6 

0-7 



0-4 
0-5 



03 



MARS 

Jan. i-Dcc. 31 
0 

60 



01 



Ht. of ^ 
Eye Corrn 



DIP 



ft. 
I *i 

1- 4' 
1*6 

19^ 

2 '2 

2'5 ^ 

2- 8 

3- 2 ; 
36 

40 

4'4 . 
4'9 
5 3 

5'8 

6'3 
69 
7'4 
80 
8'6 

9'2 ; 

9-8 

10-5 

1 1 '2 
ii'9 
12 6 

X3'3 
i4'X 
14 9 

X5'7 
!65 
17-4 
183 
19 I 
20'I 

21 0 

22 0 

22 9 

23 9 

24 9 
26 0 

27'X 

281 

29 '2 
304 
3x5 

32'7 
33 9 
35 X 

36- 3 

37- 6 

38 9 
40 I 

4X'5 
42 8 
44 2 



I 
2 

3 
4 
5 
6 

7 
8 

9 
0 
I 
2 
3 
4 
5 
6 

7 
8 

9 
o 
I 
2 
3 
4 
5 
6 

7 
8 

9 

0 

I 
2 

3 
4 

5 
6 

7 
8 

9 
0 
I 
2 
3 
54 
5 5 
56 
57 
5 8 

5 9 

6 0 
61 
6 2 
6 3 
64 



Ht.of 
Eye 



Corr" 



ft. 
44 

45 - 

47 _ 

48 . 

49 . 
5X . 
52 
54 
55 
57 
58. 
60 
62 
63 . 
65 

67 . 

68 . 
70 
72 

74 . 

75 . 
77 
79 
81 

83 
8s 

87 
88 
90 
92 
94 
96 
98 

lOI 

103 
105 
107 
109 
1 1 1 

X13 
116 
118 

?20 
12?. 
X25 
127 
129 
132 

134 

136 

X39 
141 
144 
146 
149 



65 
6 6 

6- 7 
68 
6 
7 
7 
7 
7 
7 
7 
7 
7 

7- 8 

7'9 
80 
81 
8 2 

8- 3 
84 
8-5 
8 6 

8-7 

8 S 
89 
90 
91 

9 ? 

9 3 
9 4 

9 5 
96 
9 7 
g8 

9 9 
10 0 
10 t 

10 2 

10 3 
104 

10 5 
10 6 
10 7 

10 8 

10 9 

I I o 

1 1 t 

I I 2 

II 3 
II 4 
II 5 
II 6 
II 7 
II 8 



App. Alt. Apparent alutudc = Sextant altitude corrected tor index error and dip. 
For daylight observations of Venus, see page 260. 
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Appendix F-5 ^^ST copk AVA/UBi£ 

ALTITUDE CORRECTION TABLES 0"-10'-SUN, STARS, PLANETS A3 



A — ^ 


OCT-M/ 


kg. SUN APR.-SEPT. 


j 










STARS 




Lower upper 


Lower 


Upper rLANETS 




^4inb 


Limb 


Limb 


Uimb 


1 


0 00 


• 182 


- 50 5 




- 50 2 


1 

I -34'5 


03 


17*5 


49-1 


17*' 


49 6 


I 338 


o« 


l6'9 


491 


X7 • X 


48 -9 




09 


10 3 


4I 6 


x6'5 


48 3 


i 32 6 


12 


15-7 


4I 0 


X5'9 


47 7 


32 0 


15 


V C I t 

»5 * 


47 4 


15-3 


47 1 


i 31-4 

1 


0 18 


-14 5 


' 46 1 


— i4'8 


■ 46 6 


! -30-8 


ai 


140 


463 


14-2 


46 0 


, 30-3 


M 


13 5 


4)1 


f 1 '"7 

*3 7 


45 5 


! 29-B 


27 


12 9 


45'2 


13 2 


45 0 


292 


30 


12-4 


44-7 


X27 


44'5 


2o'7 


33 


X X '9 


44^ 


12 2 


44. 0 


2o'2 


0 36 


xx-5 


-43 1 


^117 


-43 5 


-27-8 


39 


no 


43 3 


X X '2 


4) 0 


. 27'3 


42 


xo 5 


4a« 


lu 0 


42 6 


26-8 


45 


10' I 


42 '4 


10'3 


421 


26'4 


48 


9 0 


41 9 


9.9 


4»'7 


25'9 


51 


92 


4»'5 


9-5 


41-3 


25 5 


0 54 


- 8 8 


-41 1 


- 9X 


■ 40 '9 


-25X 


0 57 


8-4 


40 7 


0 7 


40 5 


' ?-4-7 


I 00 


8 0 


40 3 


0 3 


40 ] 


24 3 


03 




40 0 


7 9 


39 7 


24 '0 


06 


7 3 


39'6 


7-5 


39 3 


23 6 


09 


0'9 


39 2 


7-2 


390 


232 


I 12 


- 6 6 


-38 9 


0 0 


38 6 


- 22*9 


15 


62 


38 5 


" 5 


38 3 


22 5 


18 


5-9 


382 


02 


38 0 


22-2 


ai 


56 


37 9 


58 


37 6 


219 


M 


5'3 


37 6 


5-5 


37 3 


2 X '0 


27 


4'9 


37 2 


52 


37 0 


2X '2 


I 30 


~ 46 


• 36 9 


-~ 4'9 


■ 36 7 




35 


42 


36 5 


44 


36 2 


20-5 


40 


3-7 


36 0 


4 0 


35 8 


20 0 


45 


3 2 


35 5 


35 


35 3 


X9-5 


50 


2 6 


35 1 


31 


U 9 


19' t 


X 55 




34 7 


2 6 


34 4 


18 7 


a 00 


- 2 0 


34 3 


- 2 '2 


* 34 0 




05 


X 6 


33 9 


t B 

X 0 


33 6 


X7 9 


ID 


X 2 


3) 5 


J 5 


33 3 


17 5 


15 


0 9 


33 2 


X t 


32 9 


17'2 


20 


05 


32 8 


0-8 


32 6 


l6'8 


»5 


0'2 


32 5 


0-4 


32 2 


16 5 


2 30 


• 0 2 


)3 I 


• • 0 t 


- )t Q 


- x6 X 


35 


05 


)1 8 


» 02 


3t 6 


15 8 


40 


0 8 


3t 5 


0 5 


3t 3 


155 


4S 


T T 


31 2 


0 8 


31 0 


15 2 


50 


I 4 


30 9 


X X 


30 7 


14 9 


i 55 


X 6 


30 ? 


14 


30 4 


14 7 


1 00 


• I 9 


30 4 




30 t 


X44 


05 


2 ^ 


)c 1 


t 9 


29 9 


14 I 


10 


2 4 


av V 


2 1 


2v ' 


13 9 


15 


2 S 


iV " 


2 4 


2^ 4 




20 


2 ^ 


iv 4 


1 6 


2g 2 


13 4 


»5 


3 I 


a** : 




2{i g 


13 2 


3 30 


' : 3 


0 






13 c 



Ann 


OCr.-MAR. SUN APR. 


-SEPT. 




Lower 








STARS 


Ail* 


Upper ; 


Lower 


Upper PtAMETS 




Limb 


Limb : 

- • ' 


Limb 


Limb 




3 30 


T 3 3 


' 1 
- 29 0 ' 


.4- 1 • f 
r 3 * 


-287 


-X30 


35 


3 0 


29 7 ! 


3 3 


2B5 


12 7 


40 


3 « 


2B'5 


3 5 


283 


X2-5 


45 


40 


28-3 < 


3'7 


2li'I 


X2'3 


50 


42 


28 I ' 


3-9 


27 '9 


12 ' I 


3 55 


4 4 


27 9 ■ 

I 


4'i 


27? 


XX'9 


4 00 


f 4 5 


-27 V 


T 4 3 


-27 5 


--X1-8 


05 


4 7 


27 6 


4 ' c 

4 5 


27 3 


XX '6 


10 


4 9 


27 4 


4 ^ 


27 2 


xx-4 


15 


51 


27 2 


48 


27 0 


X X '2 


20 


52 


27 1 • 


50 


26 8 


X t ' I 




5-4 


26-9 1 




267 


XO'9 


4 30 


'r 5 0 


- 26-7 


+ 53 


-26 5 


-XO'7 


35 


5 7 


26 6 


5 5 


26 3 


xo-6 


40 


5'9 


26 4 : 


5 


262 


10-4 


45 


60 


2( 3 


5-8 


26 0 


xo-3 


50 


62 


26] 


5-9 


25 9 


tO' 1 


4 55 


63 


26 0 


60 


»J 8 


XO'O 


5 00 


^04 


-25 9 






— 9 9 


05 


V 0 


25 7 : 


0 3 


»5 5 


9-7 


10 


0 7 


25-6 , 


0 4 


a54 


9-6 


15 


6-8 


25 5 • 


6 6 


»5-2 


9'5 


20 


6-9 


^5 4 


6-7 


»5« 


9'4 




71 


25 2 


6-8 


ISO 


9'2 


5 30 


•r 7 2 


-25 1 


t 0'9 


*-24'9 


— 91 


35 


7*3 


25 0 


7-0 


24-8 


90 


40 [ 


7 4 


24 '9 


7 '2 


246 


89 


45 


7'5 


24 8 


73 


24 5 


fi .s 

O'O 


50 


7-6 


24 7 


7-4 


24 '4 


o'7 


5 55 ' 


7-7 


24 6 


7-5 


j 

24 3 




6 00 . 


t- 7 0 


- 24 5 


■T 70 




- 8-5 


10 i 


S n 


24 3 


V 0 


.'4 0 


8-3 


20 ! 


it • 9 


24 » 


0 U 


238 


81 


30 1 


8-4 


23 9 


81 


23-7 ; 


7 9 


40 ' 


8-6 


J3-7 


83 


23 5 ' 


77 


« 50 1 


87 


23-6 


8-5 


23 3 


7*6 


7 00 


f o'9 


■ 

-23 4 


r 0 0 


- 23 2 




80 , 


9X 


^3 2 


Q -B 


23 0 


7-2 


ao i 


9 2 


23 I 


9 0 


22 8 , 


7'X 


30 1 


9'3 


23 0 


9 I 


22 7 . 


70 


40 


9-5 


22 8 


92 


22 6 


6 0 


7 50 


96 


22 7 


94 


12*1 


6-7 


8 00 


*- 9*7 


- 22 6 


t 9 5 


- 22 3 1 


-66 


10 , 


9*9 


22 4 


9 0 


22 2 


64 


ao ; 


too 


22 ) 


97 


22 I 


63 


30 


xo-x 


22 2 


9-8 


22 0 


6 2 


40 


10 2 




xo 0 


2.8, 


6 t 


8 50 . 


xo 3 


220 


xo X 


21-7 ' 


60 


9 00 ' 


f to 4 


- 21 g 


f xo 2 


-21 6 


- 5 9 


10 


10 5 


21 8 


to 3 


2t 5 


58 


20 


10 6 


21 7 


to 4 


2t 4 


5 7 


30 


to 7 


2t 6 


xo 5 


2t 3 


5 ^ 


40 


to 8 


2! 5 


xo 6 


21 2 


5 5 


9 50 


10 9 


21 4 


10 6 


21 2 


5 4 


10 00 


• 1 1 0 


-21 1 


. 10 7 


- 21 1 


5 3 



Additional corrections for icmpjraiurc and pressure arc given on the following page, 
l-or bubble sextant observations ignore dip and use the star corrections tor Sun, planeis, and stars. 
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Appendix F-6 



BEST copy AVAILABLE 



ALTITUDE CORRECTION TABLES-ADDITIONAL CORRECTIONS 

ADDITIONAL REFRACTION CORRECTIONS FOR NON-STANDARD CONDITIONS 



20 F. 10 



Temperature 

0' MO' 20^ 30 40^ 50^ 6o' 70' 8o- 9oMoo'F> 



30 C. 
1050^ 



T — — I ' 1 ! — r 

10" ao 30' 4oC> 

V"' ' / T 7^ — ? — 



1030 

c 

i : 

e 

.5 1010 r- 

s 

S ! 

990 r- 



970. 




App. 
All. 



A B C I D E F ! G ! H J K L M ' N ^ff, ; 



0 


00 


69 


5 7 


46 


3 4 


2 3 


I t 


0 0 . 


• I I 




'3-4 


• 46 


' 57 


* 6 9 


0 


00 


0 
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3' 7 


U-' 


5.7 


5 12-*^ 




4't! 


I'b 




>7 


u>a 


5-7 


5 13*1 


1 4 5frO 


4.4 


1-7 


lO'** 


>7 


U-9 


5.8 


b IM 


' 4 58.3 




1-: 


n-0 




I'-O 


5-8 


b 1>6 


1 4 58.5 




i' ' 






I '.1 


5.8 


b IM 


4 58.7 




I'd 




3-8 


l.'-2 


5.9 


S 14-1 


1 4 59.0 




1-8 






W') 


5.9 


b 14.4 


; 4 59.2 


S-4 


1'8 


n-4 


3'9 


W-4 


5.9 


5 U-b 


4 S9.5 


S-« 


1'*? 




>9 


K'*. 


b'O 


1 5 N'^ 


4 59.; 




1'9 




4-0 


I - -b 


&0 


. b Ib'l 


4 5<5»<) 


• 


1'9 




4'0 


17.; 


6.0 


^ 15-4 


b 002 




2-0 


»: -fl 


4-0 


U-8 


b.1 


■ 5 15-fe 


5 0O4 


«."» 


2-0 


U'9 


4-1 


W.«J 


b-l 


J b \b^9 


0O7 


6-0 


2'1 




4.1 


UO 


&2 



*i 


1 

SUN 1 
PLANFTSj 


ARIES 


MOON 


x 

or Corr" 


f 

or Corr" 

d 


f 

or Corr* 
J 


00 


^ 

5 15-0 


5 lt>9 


0O7 




00 


t-C 


2'2 


U'-O 


4.3 


01 


5 IW 


5 It^l 


5 0O9 




C-0 


6-: 


2'2 


.M 


4.3 


02 


5 Ib'b 


5 lb'4 


5 Ol'l 


C'/ 


01 


b'/ 


2'2 




4.4 


03 


5 15.8 


5 Ib'b 


S OH 


O'J 


01 


! '^ 


2'3 


:m 


4 '4 


04 


5 Ib'C 


5 ier9 


5 01-6 


0-4 


01 


b-4 


2'3 


W'4 


4'4 


OS 


5 16-3 


5 r/'i 


5 01.8 


0'^ 


02 


C" 


2.3 


:< 


4'5 


06 


5 lb'5 


5 17-4 


5 02.1 


O'b 


02 


b'b 


2'4 


W'e 


4.5 


07 


5 lb8 


5 17'6 


5 02.3 


0'- 


03 


b'' 


2'4 


r 


4.h 


06 


5 17.0 


5 17'9 


5 02'b 


C'B 


03 


r.6 


2-4 


U^-8 


4,K 


09 


5 17.3 


5 I8'l ; 


5 02-8 


j.y 


03 


e..9 


2'b| 




4-b 


10 


5 17.5 


5 I8.4 


5 03'0 


1 -0 


04 


" 0 


2-5 i 




4'7 


11 


5 I7.B 


5 18.b 


5 03'3 




04 






n.i 


4-7 


12 


5 18*0 


5 18'9 


5 03'5 


I '4* 


04 


■'2 


2'fc 




4'7 


13 


5 I8.3 


5 19.1 


5 03'8 


; . \ 


05 




2*6 


: 1 ' 3 


4'8 


14 


5 ie'5 


5 19.4 


5 04.0 


; -4 


05 


•'4 


2'7 


:>'4 


4 '8 


15 


b 18.8 


5 19.6 


5 04.2 


• ,s 


05 




2-7 


ij'*) 


4'B 


16 


5 19.0 


5 19'9 


5 04'5 


1 -b 


06 


•"'b 


i'l 


i>.b 


4-9 


17 


5 19.3 


5 201 


5 04-7 


1' 


Ob 




2'8 




4.9 


16 


b 19.5 


5 204 


5 04'9 


:-ti 


Ob 


•-8 


2'8 


:)-8 


4.9 


19 


5 19.8 


5 20b 


5 05-2 


-4 


07 


-.9 


2 '8 




!>0 


20 


5 200 


5 209 


5 05-4 


?'0 


07 


K . 


29 


•.4.; 


5-0 


21 


5 203 


5 2M 


b 05-7 




08 


8-1 


2'9 


14.1 


5.1 


22 


5 205 


b 21'4 


b 0>9 


^'2 


08 




2-9 


14.? 


5.1 


23 


5 208 


5 21'6 


5 Obi 




08 




3-0 




5.1 


24 


5 21-0 


5 21-9 


5 Ob'4 


?'4 


09 


8 '4 


3'0 


;4.4 


'>Z 


25 


5 21'3 


5 22'1 


b Otrb 




09 


8-^ 


>0 


:4.'» 


S2 


26 


5 21-5 


5 22.4 


5 0{r9 


i'b 


09 


8'b 


>1 


14<b 


5-2 


27 


5 2 I'B 


5 22«6 


5 07'1 




I'D 


8- 


>1 


14.7 


5.3 


28 


5 22'0 


5 22«9 


5 07.3 


^'8 


I'D 


8<< 


3'2 


14'6 


^►3 


29 


5 22'3 


5 2>l 


5 07-6 


2'4 


1-0 


8-4 


3' 2 


14.« 


^3 


30 


5 22'5 


5 23-» 


5 07'8 


\.0 


i'l 


q-O 


3-2 


IS.C 


S4 


31 


5 22'8 


5 2>b 


5 08.0 


i 




>3 


1^.1 


5.4 


32 


5 2>0 


b 2>9 


5 O8.3 


^'2 


M 


1 4-^ 


>3 


!«.'? 


5.4 


33 


5 2>3 


5 24' 1 


5 O8.5 


\. ) 


1'2 




3'3 


is. 5 


^5 


34 


i 5 2>5 


5 24'4 


5 08.8 


^-4 


1-2 


4 '4 


3.4 


U.4 


5-5 


35 


i 5 23*8 


1 5 24.6 


5 09-0 


)'S 


I'i 


1 


3«4 


Is-*. 


>b 


36 


: 5 24-0 


! 5 24'9 


5 09.2 


>-b 


1-3 


1 

; -.'b 


3'4 


iN.b 


5-6 


37 


! 5 24'5 


: 5 25.1 


5 09-5 


1 


1'3 1 «'■ 


3' 5 


!:>'• 


5.b 


38 


1 5 24'5 


■ b 25-4 


5 09.7 


1 i's 


1-4 


1 


3*5 


-8 


5-7 


39 


i 5 24-8 


j 5 2^6 


' s 100 


1 


1-4] 


3*5 


lb'« 


5-7 


40 5 2^0 


! 5 25-9 


I 5 102 ji 4-j 


1-4 




3'b 


'.o-O 


^7 


41 


1 5 25.3 


' 5 2b'l 


5 104 




1.5 


1 


3-b 


lo'l 


5-8 


42 


■ b 25.5 


b 2M 


i 5 10; 


. 4 -; 


1-^ 


1 , ... 






5.8 


43 


i b 2b'6 


' 5 2b'b 


: 5 1>*» 




I'O 


1 




j It-^ 


^8 


44 


i 5 2fr0 


b 2b-9 


; b lL-1 


i 


1-b 






! It. 4 


^9 


45 


i b 7&h 


5 27-1 


1 5 11-4 




I'b 






if- 


>9 


46 


i b 2tTb 


b 27'4 


1 5 lU 




l-b 




3-8 


l^■b 


5-9 


47 


1 5 26-8 


! 5 2 7.b 


1 b 11-9;) 4-- 


1-7 




}^'^ 


1 in-' 


b-O 


48 


, 5 27-0 


: 5 2 7-9 


j 5 12'1 


1 - 


1 ■ / j : V -8 


>w 




b-O 


49 


1 5 27-3 


: 5 28.1 


1 b 12'3 




;-t* 


1 


3-'J 




b>l 


50 


' 5 2 7'b 


. b :8'4 


! 5 l?-b 










b-l 


51 


s rT'd 


■ 5 28.b 


■ b 12'8 




;-8 


1 • 


4.: 


i 


b-l 


52 


5 28.0 


1 ^5 28-9 


1 5 13-1 




1-9 1 r-.- 


4.0 




b-J 


53 


5 28.3 


i 5 29.1 


1 5 15-3 






; J . \ 


4.J 


! i:.4 


b'2 


54 


5 28.5 


1 5 29^ 


1 5 13-S 


■■-4 


1-^ 


( • ' -4 


4.1 




b'2 


55 


b 28-v3 


b 29-; 


1 b 1 ^'A 




2-0 


1 

. \\\ 


4.1 


! 


b-* 


56 


5 29'0 1 b 29-<J 


14-0 


•.-6 


2-.> 


1 


4.»* 


lb 


b'3 


57 


5 29.3 


} b 30J 


5 14' 3 




2-0 


i 


4.. 




b'3 


58 


5 29.b 


i b 304 


b 14-5 




2' I 


UK 


4.J 


1 >■.« 


b>4 


59 


5 29.8 


5 307 


5 14'7 


<. .1 


2-1 




4.^ 




b-4 


60 


b 3O0 


5 309 


15.0 


^- J 




i 


4-3 




irb 
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Appendix F-11 

BLSl copy AVAILABLt 

POLARIS (POLE STAR) TABLES, 1970 

FOK DETERMINING LATITUDE FROM SEXTANT ALTITUDE AND FOR AZIMUTH 



L.H.A. ! o'- 
ARIES , 9> 



19' 



ao - 

29 



30-- 

1 39 








-~ 


— — 




. 




1 


<>• 








» 


• 








g * 


0 


: 0 


14 z 


0 10 


2 


0 07'6 


1 


I 


137 


09 


•8 


07 -5 


a 




I3'3 


09 


5 . 


073 


3 




Z2-8 


09 


•2 


072 


4 






09 


0 


07X 


S 


0 


12 0 


0 08 


7 


0 07 0 




{ 


xx-6 


08 


•5 


06 9 


7 


j 


XX>2 


08 


2 


068 


S 




xo-9 


08 


•0 


06 8 


9 




xo'5 


07 


•8' 


06-7 


10 


0 




0 07 


•6 


0 06 7 



0 067 
067 

067: 

067 

06 8 

0 o6-8 

06 9 

07 0 
071 

07-2 



40- SO 

49 



59 



07 '4 
07 '5 
077 
07 -9 
o8'X 

08 3 
08 '5 
088 
09X 
093 



09 6 

099 

10-3 
10-6 
no 

xx-3 
117 
12*1 
12 5 
130 



60- 

<9^ 



^3 4 
X3'9 
X4 3 
I4'8 

X5-8 
x6-4 
X6'9 ! 
17'5 
x8'0 



70 



80 



07 4 0 09 6 0 X3'4 0 x8-6 



79^ 

X8 '6 ' 
I9'2 
I9'8I 
20 4 

21-0 ■ 

2X7. 

22 3 ■ 

23 0 
23-6, 
243 



89 



90 



99 



100 - 

109' 



I 



a. I 

, i 
25-0 I 

257 ; 
264 '■ 

271 ■ 
27-9 I 

I 

28 6 ' I 

29'4 I 
30- 1 j 
30-9 , 
3x7 : 



at 

32 4 
332 
34 0; 
34-8, 
357 : 

36- 5; 

37- 3 : 
381 I 
39 0 i 
39-8 



407 
41 5 
424 

43 3 
441 

45 0 

45 '9 
468 
477 
48 -6 



0 25 '0 , 0 32 4 : 0 407 0 49 5 



I no - 
119^ 

049 s 

so -4 

51- 3 

52 - 2 

0 54 0 

54- 9 

55- 8 
S67 
S7-6 

0 38-5 



L«t. 


ax 


ai 


ax 




ax 


1 

a, 




ax 


ill 




ill 


^x 
•■1 


0 

0 


05 


0-6 


0-6 


0-6 


0-6 


OS 


0-5 


04 


03 


02 


0-2 


OX 


lo 


•5 


•< 


'0 


'0 


•0 


I 


I 


•4 


•3 


•3 


2 


2 




'5 


D 


0 


• < 


'O 


5 


'5 


•4 






3 


•3 




*6 


•5 


'6 




•6 




5 


5 


4 




•4 


•4 


40 


06 


0-6 


0-6 


0-6 




0-6 


0-6 


0-5 


0-5 


05 


0-5 


0-5 


4S 


•6 


•6 


•6 


•6 




•6 


•6 


•6 


*6 


•5 




•5 


50 


•6 


•6 


•6 


-6 




•6 


•6 


•6 


•6 


•6 


■i 


•6 


55 


•6 


•6 


•6 


•6 


•6 


•6 1 


•6 


•6 


7 


7 1 


7 


7 




•6 






■6 


•6 


•6 1 


7 


7 


7 . 


•8 ' 


•8 


'8 


6a 


07 


0-6 


0-6 


0-6 


0-6 


! 

0-6 : 


07 


07 


0-8 


0-8 , 


09 


0-9 




7 


'6 


•6 




•6 


7 •■ 


7 


•8 




•9 


09 


09 


66 


7 


•6 


•6 


•6 


•6 


7 ' 


7 


•8 




00 i 


xo 


xo 


68 


07 


0-6 


0*6 


0-6 


0-6 


07 1 


0-8 


0-8 






X'X 


X'X 


Month 


at 


Of 


! 

i 


til 


a. 


at 


at 


at 


at i 






at 


Jmn. 


07 


07 


07 i 


07 




07 • 


07 ■ 


07 


07 


07 


t 1 

07 ! 


07 


Feb. 


•6 


-6 


7 I 






•8 i 


•8 * 


•8 


•8 ; 


•8 I 




•8 


Mar. 


•5 


•5 


•6 < 




7 i 


7 ; 


•8 ' 


•8 


•9 ' 


•9 ■ 




0 9 


Apr. 


0-3 


04 


i 

0-4 ; 


«:> 


0-6 ' 


06 ' 


07 • 


08 


0-8 ; 


°i 


0*9 i 


xo 


May 


•2 


•3 i 


•3 • 




•4 


•5 1 


•6 ' 


•6 


7 




•8 : 


09 


June 


•2 


! 


•2 




•3 


•4 . 


•4 ' 


•5 


•5 


•6 


7 


•8 


July 1 


0-2 


0-2 

1 


0-2 ; 


0-2 j 


0-2 ] 


0-3 . 


0-3 


0-4 


04 


05 


0-3 


06 


Aug. 


•4 




•3 i 


•3 : 


•3 ■ 


•3 


•3 


•3 ■ 


•3 ' 


3 ' 


4 


4 


Sept. 1 


•5 




•4 


*4 : 




•3 


•3 . 


•3 


•3 


•3 


•3 • 


3 


Oct. j 


07 ; 


07 


0-6 j 


06 


0-5 


0-4 


0 4 


03 . 


03 


03 


03 . 


02 


Nov. 


09 1 


0*9 1 


0-8 , 


07 i 


7 


6 . 


•5 . 


•5 


•4 


3 


•3 . 


3 


Dec. 1 


x-o , 


i-o 1 




0-9 1 


0-8 1 


0-8 ! 


07 • 


0-6 , 


0-6 . 


05 


0-4 


03 



Lai. 










e 


i e 


>> 


0 


0 4 


02 


0- 


20 


04 


0-3 


1 0- 


40 


0-5 


03 


; 0- 


50 


0-6 


0-4 


i °' 


55 : 


07 


0-4 




60 


08 


0-5 




65 


09 


0-6 


1 0-; 



AZIMUTH 



359-9 
359 9 
359 9 

359 9 
359-9 
359 



359-8 
359-8 
3597 

359-7 
359 6 
359-6 



359 
359 
359 



359 8 .359 5 



359 
359 
359 
359 I 



359-5 
359-5 
359 4 

359 ^2 
359 1 
3S9 o 
3S8 8 



359-4 
359 4 
359-2 

359-0 
358 9 
358 8 
358 5 



359-3 
359 '2 

359 1 

358 9 
358 8 
358 6 
358-3 



359-2 
359 2 
3590 

3588 
3586 
3584 
^58x 



359-2 
359-x 
358 9 

3587 
358 3 
358 3 
358 0 



359 X 
359 X 
358 9 

358 7 
358 5 
358 3 
357 9 



Latitude ~- Apparent altirudc (corrected for refraction) i ' ♦ » Ui t a, 
The table is entered with L.H.A. Aries to determine the column to he used; each column refers to a 
ran^e of lo \ is taken, with mental interpolation, from the upper table With the units of 1,.H.A. Aries in 
degrees as arg\uncnt; at, arc taken, without interpolation, fnw the second and third tables with arguments 
latitude and month respectively. U|, a, are nlways positive. The final table gives the azimuth of /V/urn. 
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Appendix F-12 



BEST copy mUBLE 



TABLES FOR INTERPOLATING SUNRISE, MOONRISE, ETC. 

TABLE 1-FOR LATITUDE ^ 



Tabular Interval 



0 30 

1 00 
I 30 
a 00 
a 30 

3 00 

3 30 

4 00 

4 30 

5 00 

$ 30 

6 00 

6 30 

7 00 

7 30 

8 00 

8 30 

9 00 
9 30 

ID 00 



0 
0 
O 
I 
I 

I 
I 
2 
2 

a 

2 

3 
3 
3 
3 

4 
4 

4 
4 

5 



15 
30 
45 
00 

"5 

30 
45 

00 

i5 

30 

45 

DO 

"5 
30 
45 

00 
1$ 
30 
45 
00 



o 
0 
0 
0 
0 

0 
0 
0 
0 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
2 



Difference between the timci for coniecutive Utitgdei 



06 

13 
18 

a4 

30 

36 
4a 
48 
54 

00 

06 
12 
18 
a4 

30 

36 
4a 
48 

54 

00 



o 

1 
I 
I 

t 
2 
2 

2 

3 
3 
3 
3 
4 

4 
4 
4 

5 
5 



o 
I 
I 
2 
z 

3 

3 
4 
4 
5 

5 
6 
6 
7 
7 

8 
8 
9 
9 
10 



I 
I 
2 

3 
4 

4 

5 
6 

7 

/ 

8 

9 
10 
10 
II 

12 
13 
13 
14 
IS 



m 
I 
2 

3 
4 
5 
6 

7 
8 
9 
10 

II 
12 
13 
14 
15 

16 
17 
18 

19 
20 



I 

2 

3 
5 
6 

7 
8 

9 
It 
12 

13 
14 
16 

17 
18 

20 
21 
22 
24 
25 



I 
3 
4 
5 
7 

8 

10 
1 1 
13 
14 

16 
17 
19 
20 
22 

23 

27 
28 
30 



35m 


40m 


4S"' ! 50"^ 55" 


60*" 




V b tf\W 

1 " jy 


m 


III 


m 


m 


m 


m 


h m 


h m 


I 


z 


2 


2 


4 

2 




0 02 


0 02 


3 


3 


A 


4 


4 

4 


€ 




^5 


A 

4 




f 5 




7 


7 


07 


07 






7 


8 


9 


10 


10 


10 


8 


9 


9 


10 


It 


12 


12 


^3 


9 


1 n 


1 1 


1 2 


1 3 


14 


0 15 


0 15 


1 1 


1 2 


13 


14 


\f% 
1 V 


17 


18 


18 






15 


10 


18 
1 0 


19 


20 


21 




16 


18 


19 


21 


22 


23 


24 


16 


18 


20 


22 


a3 


a5 


26 


27 


18 


20 


22 


24 


26 


28 


0 29 


0 30 


20 


22 


a4 


26 


29 


3^ 


32 


33 


22 


a4 


26 


29 


31 


34 


36 


37 


23 


26 


a9 




34 


37 


39 


41 


25 


28 


31 


1 34 


37 


40 


43 


44 


27 


30 


34 


137 


41 


44 


0 47 


0 48 


29 


33 


36 


'■ 40 


44 


48 


0 5« 


0 53 


31 


35 


39 


; 43 


47 


52 


0 55 


0 58 


33 


38 


42 


! '♦^ 


51 


56 


I 00 


X 04 


35 


.1° 


45 


1 50 


55 


60 


_L9i^ 


I 10 



0 02 
05 
07 
10 

13 

o 16 

19 

22 

28 

0 3^ 
34 
38 
4a 
46 

0 51 

0 56 

1 01 

I 08 
I 15 



h m 

O 02 

05 
07 

xo 

13 

0 x6 
19 
22 
26 
a9 

0 32 
36 
40 
44 
48 



53 
58 
04 

12 

20 



TMc I "is for interpolating the L.M.T. of sunrise, twilight, moonrise, etc., for latitude It is to be 
entered n h pp oprSe column on the left, with the difference between true latitude and the neare 

tabular phenomenon for the latitude /cf5J than the true latitude. 

TABLE II-HOR LONGITUDE 



Long. 
Hast 
or 
West 



0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

100 

110 
120 
X30 
140 

150 
160 
X70 

x8o 



Difference betv^'cen the times for given date and preceding date (for east longitude) 
uinerence oc^^ ^^^^ ^^^^ and following date (for west longitude) 



10"" 20*" 30"' 



O 
I 
I 
2 
2 

3 
3 
4 
4 

5 

6 
6 

7 
8 

8 
9 
9 
10 
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Appendix G-1 



• ' Ad At • 

7130.01.003 180.0 
7128.01 0 10 175.4 

7122.0 90 10 170.8 

7012.1 96 23 166.3 
nS8i 06 » 162.0 



n4l.4 WW 157.8 
n21,0 92 30 153.8 
70 57.6 Nm50.1 
7031.$ 87 46 146.5 
7002.8 84 52 143 2 



7S3I.9 
74S9.0 
74 24 J 
7348.0 
7310.3 



62 55 140.0 
79 5B 137.1 
77 61 134.4 
74 63 131.8 
72 65 129.5 



72 31.2 
7151.1 
71 10.0 
70 27.9 
0945.0 



70 67 127.2 
66 60 125.2 
66 70 123.2 
64 71 121.4 
63 73 119.7 



2a« 



00 



ju 

• ' id a 

7900.0 1.0 04 180.0 
7857.9 1.010 175.2 
7851.7 9917 170.4 
7841.4 98 24 165.8 
7827.3 9630 161.3 



DECLINATION SAME NAME AS LATITUDE 



78 09.0 
77 485 
77 24.3 
7657.4 
76 28.0 

755i8.f 
7S22.6 
74 47.1 
74 10.1 
73 31.7 



94 35 157.0 
9140 152.9 

8945 149.0 
8649 1 45.4 
83 53 142.0 



81 M 138.9 
78 50 135.9 
75 62 133.2 
73 04 130.6 
7166 128.2 



7252.0 6968 126.0 
7211.3 66 70 124.0 
71 29.5 65 71 122.0 
7047.0 63 72 120.2 
7003.6 61 73 118.5 



23"" 30' 



Alt. AT 



7930.0 1.0 04 180.0 
79 27.8 ion 175.0 
79 21.3 9918 170.0 
79 10.6 97 24 165.2 
7850.0 95 31 160.5 



78 37,6 93 36 156.1 
7815.8 9042 151.9 
n50.8 88 46 147.9 
n23.0 85 50 144.2 
7652.8 82 54 140.8 



7620.3 79 57 137.6 
7545.8 77 60 134.6 
7509.5 74 63 131.9 
74 31.8 7165 129.3 
73 52.7 60 67 127.0 



7312.4 67 60 124.8 
7231.0 65 70 122.7 
7148.7 63 72 120.8 
7105.0 6173 119.0 
7021.7 6074 117.3 
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• ' Ad At • 

67 00.0 1.002 180.0 
6658.91.0 05 177.5 
66 55.7 1 0 09 175.0 
6650.4 99 12 172.6 
66jl2J_99^i6j70.l 
«633.4 08 10 fbY.e 
6621.9 98 23 165.2 
6608.4 07 26 162.0 
6552.9 06 JO 160.5 
65_35.6 95 32 158.3 

6516.6 94 35 156.0" 

6455.7 93 37 153.9 
64 33.3 v^4ol<^l.7 
6409.2 9\ 4J 7 
63 43.7 I \7 7 
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Alt. 



30' 



67 30.0IOU2 18O.0 
67 28.91 005 177.4 
67 25.6 1.0 00 174 9 
67 20.2 00 13 172 4 
67 12.6 00 16 m )M 

67 02.9*08 aoie7T4 
66 5li 08 23 165.0 
66 37.4 07 26 162.6 
66 21.7 06 20 160.2 
lOM.lw 33J157.9 
65 4477 15*576 
65 23.6 93 3H 153 I 
65 00.8 9-2 41 Iwl :\ 
64 36.4 <.^>4.) \ \\) 2 
64 10.5 V 4.. 1 17 2 
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00' 



As. 



• ' Ad •( » 

6800.01.0 .180.0 
67 58.91.1 06 177.4 
67 55.5 1.0 09 174.8 
67 50.0 00 13 172.2 
67 4 2.3 09 16 169.7 
67 32.4 OH 20 167.2 
67a).4 07 33 164.7 
«i i4.4 97 r 162.2 
66S0.5 0630 159.8 
66 32.6 05 33 157 5 



6612.8 w 36 155.2 
65 51.4 yv»3ui;»:V0 
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CUi 07 65 42.9 
41 39.2 08 56 42.9 
41 06^ 00 65 42.9 
4033J 11 65 42.8 
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42 14.0 06 54 42.2 
41 41.4 0754 42.2 
41 08.9 00 54 42.2 
4036.4 10 54 42.1 
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1 I 
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40 00.4 12 55 42.7 
3927.5 U&5 42.6 
38 54.7 15 54 42.6 
38 22.0 16 54 42.3 
37 49.4 17 54 42.2 
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7827.1 0690 161.4 


• ' AdAl • 
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79Z7.91.0 U 175.0 
79 21 J 9016 170.1 
7911.0 97 04 165.3 
7856.6 0630160.7 
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n49J 0140 163.1 
7721.1 10 44 149.2 
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7817.1 0141 162.1 
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77 2S J 1660 144.4 
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7513.9 7403 132.1 

7436.7 7304 129.5 
7358^ 7066 127.1 
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7257.9 6907 126.2 

7217.7 6760 124.1 
7136.0 6570 122.2 
7054.6 63 71 120.3 

7011.8 6273 118.6 
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7237.6 6670 122.9 
71 55.9 64 71 120.9 
71 13J 6373 119.1 
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1844.2 6074 115.5 
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$714.4 6670 112.7 
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6946.1 6074 115.8 
6901.6 6775 114.3 
6816.6 B6 76 112.9 

6731.1 6676 111.6 

6645.2 54 77 110.3 


25 


6542.9 6477 110.2 


65 58.9 6378 109.1 



22'' 80' 



Alt. A% 

• ' Ad At 

7930.0 1.004 180.0 
7927.81.011 174.9 
79212 0018 170.0 
7910.3 07 25 165.1 
7855.3 05 31 160.4 



78 36.6 W37 155.0 
78 14.4 90 42 151.7 
77 49.0 87 47 147.8 
n20.8 H.^.M 144.1 
76 50.1 H2.vt 140.(i 

7617.0 T'j.'ih'l 37.4 
7542.0 70 01 134.5 
7505.3 7464 131 7 
74 27.0 7lofi 12fl.2 
73 47.3 fVjtiM 12(i H 

73 06.5 *«iii7n"l24.ii 
72 24.6 (V4 7! I22.ri 
7141.7 73 120.7 
70 58.0 tU74 1 ISO 
70 13.6 .«.U7.^ 117? 



28'' 00' 



Alt. 



' AdAt • 

60 00.0 1.0 04 180.0 
7957.71012 174.7 
79S0J 9010 169.5 
7939.4 07 164.4 
7923.8 0532 159.6 



7904.4 W38 i:)5.d 
7841.4 8^44 150.6 
7615.1 M<>48 14(V(i 
77 46.0 M.S3 142 .S 
77l4.4jMi.v. 13«).3 
'7640.5 7M-Jl3r..| 
7604.7 T^u] 133.1 
75 27.1 72 30.4 
7448.1 r.UK7 127.S 
7407.7 H7r.y 12:^^ 
73 26.2 iv/ri 123..S 
72 43.6 U3 72 121.3 
72 00.2 1.171 IMM 
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*• ' AdAt • 

80 30.0 1.0 04 180.0 
60 27 J 1.0 12 174.6 
60 20 J 08 20169.0 

6006.4 97 27 163.7 
79522 94 34 158.7 
79^32.0 62 4(ri.^3,9 
79 08.1 Ku AS 140.4 
78 40.9 14.'). 3 
78 10.9 k:».m 141.:) 
77 38.3 7'» .>ia7.U 
77 03.5 7<.i.i 134.7* 
76 26.8 rwm 131.7 
75 48.5 711 120 0 
75 08.6 I'^r.s I2(j 4 

7427.5 124.1 

73 45.4 <U7;'122 0" 
73 02.2 r.i 120.0 
7218.2 .VJ:.^11.S 1 
71 33.5 .'»7 7«. llTi 4 
70 48.1 .v.r: 114 H 
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Appendix G-2 



BEST COPY AVAILABLE 



DECLINATION CONTRARY NAME TO LATITUDE 



*2V 30' 


22" 00' 1 


22* 30' 


23" 00' 
Alt. Aa. 


28« 30' 

Alt. AZ. 


H.A. 


Alt. Az. 

• ' Ad At " 

3530.0 1.0 0 iSO.O 
35 29.5 1.0 0.S 178.9 
35 28.0 1.0 04 177.7 
35 25.51,006 1 76.6 
35 22.0 1.0 OS 175.4 


All. A2l._ 
' » ' Ad At ' ° 

35 00.01,001 ISO.O 
34 59.5 1.0 02 1 7S. 9 
34 58,0 1.0 iM 177.7 
34 55.5 1.0 n« 176.6 
34 52.1 1.0 07 175.5 
34 47.6 1.0 09 "l 74". 4" 
34 42.2 0911 173.2 
34 35.7 90 la 172.1 
34 28.3 99 14 1 71.0 
34 20.0 9916 109.9 


Alt. Az. 

■ » ' AdAt • 

34 30.01,0 01 180,0 
34 29.51.0 02 1 78,9 
34 28.0 1.0 04 177.8 
34 25.6 1.0 06 176.6 
34 22.1 1.0 07 175.5 


• ' AdAt • 

3400.01.0 01 180.0 
33 59.5 1.0 02 1 78.9 
3358.11.0 04 177.8 
33 55.61.0 06176.7 
3352.21.0 07175.6 


• ' AdAt • 

33 30.0 1.0 01 180.0 
3329.51.0 02 lio.v 
3328.1 1.004 177.8 
3325.71,0 06 176.7 
3322.31.007 175.6 


0 

00 

1 

s 
s 

4 


35 17.5 1.0 09 174.3 
3512.0 99 11 173.2 
3505.5 99 12 172.0 
34 58.0 90 14 170.9 
34 49.6 W16 l('i9.S 


34 1777 1.0 09 1 74T1 
3412.3 9911 173.3 
3406.0 9912 172.2 
3358.6 9914 171.1 
33 50.4 99 15 170.0 


3347.81.009 174.5 
33 42.5 99 10 173.4 
33 36.2 99 12 172.3 
3328.9 09 14 171.2 
33 20.7 99 li 170.1 


33 17.91.000 174.5 
3312.7 9910 173.4 
33 06.4 9912 172.3 
3259.2 9914 171.2 
3251.1 9915 170.2 


05 

6. 
7 
8 
9 



Lat. 

33** 



' 22° 80' 


23° 00' 


HJL 


Alt. AX. 


Alt. AC. 


' • ' Ad At • 

S2 30.0 1.001 180,0 
3229.5 1.003 178.9 
3228.1 1.004 177.8 
32 25J 1.0 05 176.7 
32 2251.007 176.6 


• ' Ad At • 

32 00.0 1.0 01 180.0 
31 59.61.003 178.9 
31 5821.0 04 177.8 
3155.81,006 176.8 
3152.61.0 07 176.7 


A 

1 
t 
S 

4 


32 18J 1.0 08 174.5 
32132 0910 173,4 
3207.1 9013 172.3 
32 00.1 9913 1 71.3 
31 522 09 16 170.2 


3148.41,008 174.6 
31432 00 10 173,6 
31372 99 13 172.4 
31302 99 13 171.4 
31225 99 14 170.3 


OS 

e 

7 

8 , 
9 


3143.4 9916 169.1 
3133.7 9818 168.1 

3123.0 9819 167.0 
31 115 98 21 166.0 

3059.1 97 22 164.9 


31 13.8 90 16 169.2 
3104.1 08 17168.2 
30 53.6 98 19 167.1 
30422 06 30 166.1 
3029.9 97 22 165.0 


10 

1 
t 
s 

4 


30 45.9 97 23 1 63.8 
30 31J 97 25 162.9 
3016.8 96 36 161.8 
3001.0 9628 160.8 
2944.4 06 20 159.7 


30 16.8 97 164.0 
3002.8 97 25 163.0 
29 48.0 90 36 1 61.9 
29322 96 27 160.9 
2915.8 06 20 159.9 


IS 

e 

7 
8 
9 


29 27.0 06 30 1 68.7 
2906.8 94 33 157.7 
2849.7 04 33 156.7 
28 29 J 03 M 166.7 
2809.4 03 80 164.8 


28 585 06 30 158.9 
28405 94 31 157.0 
2821.6 04 83 156.9 
2802.0 03 84 166.0 
27415 92 35 165.0 


w 

1 
t 

9 

4 

e 

7 
8 
9 


27 48.1 03 37 1 63.8 
27 26.0 01 88 152.8 
27 032 00 30 1 51.9 
2639.7 80 40 160.9 
26155 80 41 150.0 


27 20.4 92 36 154.0 
26 585 9138 153.1 
2635.9 90 89 152.1 
2612.6 89 40 151.2 
25 485 89 41 150.3 


25 50.6 80 43 1 49.1 
2525.0 88 44 148.3 
24 58i 88 45 147.3 
2431.9 87 40 146.4 
2404.4 8647 146.5 


25 23.9 80 42 149.4 
24 58.4 88 43 148.6 
24 325 88 44 147.6 
24 05.8 87 45 146.7 
23 385 86 40 146.8 


1 30 
1 
t 

s 

i 4 



Lit 

35'' 



Ut. 

33" 



24" 00' 



Alt. 



A&. 



00 

1 

2 
S 

OS 

6 
7 
8 
_9 

10 
1 
2 
S 
4 

15 



UOO.0 
32 59,5 
12 58.1 
32S5.7 
32SZ.4 
32 48.1 
32 42.8 
3236.6 
32 29.S 
32 21i 
3212.S 
3202.6 
31 51.8 
31 40.1 
31 27.5 
31 14.0 



Ad M ° 
1.0 01 180.0 

1.0 02 178.9 
1.0 04 177.8 
1.0 08 176.7 
1.0 07 175.6 



1.0 09 174.6 
ag 10 173.5 

90 12 172.4 
99 13 171.3 
9U 15 170^3 
w~r6T09.2 

08 18 lt)8.1 
98 20 167.1 
98 21 1G6.0 
97 22 165.0 
97 2« 163.9 



24" 80' 



Alt. 

0 I 

3230.0 
32 295 
32 28.1 
32 25.7 
32 22.4 



Aa. 

Ad At ' 

1.001 180.0 
1.0 02 178.9 
1.0 04 177.8 

1.006 176.8 

1.007 175.7 



32182 
3213.0 
3206.9 
31 S9.8 
3151.8 
31 42.9 
3133.1 
31 22.4 
31 10.8 
30S8.4 
M4S.0 



1.0 09 174.6 
09 10 173.5 
99 12 172.5 
9913 171.4 
99 15 170.4 

99 Id 169.3 
«e i» 168.2 
W19 167.2 

96 21 166.2 

97 22 165 .1 
97 24 164.1 
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Appendix H 

MECHANICS OF "ERROR FINDING" 
IN SIGHT REDUCTION BY HO 214 



It is not unusual for a student of celestial navigation to make frequent 
errors in solving for a line of positions hence the following table illus- 
trates the mechanics of "error finding." 

A. If t exceeds values given in HO 214 — 

1. Check date, ZD, and GMT 

2. Check longitude. East K is added and west A subtracted in the 
step between GHA and LHA. 

3. Check conversion of LHA to t. 

4. Check GHA in Nautical Almanac. 

5. If working a star sight, check SHA and insure that the GHA as taken 
from the Almanac is the GHA of T. 

6. Search for arithmetical error. 

B. If Ht differs from Ho (or Hs) by several degrees — 

1. Check declination. Note whether latitude and declination are of 
same name or of contrary name. 

2, Check assumed latitude, 

3. Assume possible error in t. 

4, Search for arithmetical error. 

C. If He differs from Ho by 1 or 2 degrees (»'a»» exceeds 60 ml.) — 

K Check assumed longitude, 

2. Check Greenwich date. 

3. Check GMT. 

4. If correction to Hs is lai^ (as in a moon sight) check sign of 
correction. 

5. Check sign of correction to Ht. 

6. Check values copied from HO 2l4. 

7. Search for arithmetical error. 

If i-esults fail to plot favorably — 

1. Check lal)els and ^ry to isolate LOP (or LC)P»s) in error. Keep in 
mind your Uli position, and possible set and drift. Then carry out 
steps 2 to 9 for sights isolated. 

2. Check conversion of WT to ZT. 

3. Check AP's and their advance. 

4. Check conversion of azimuth angle to azimuth, 

5. Check label of intercept. 

6. Check correction to Ht and tiie sign of that correction. 

7. Check the sign of correction applied to Hs to obtain Ho, 

8. Check sextant altitude corrections, 

9. Check tiic accuracy of your plot, 
10. Search for arithmetical error. 
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Appendix 1-1 



!.Air.4Q'N 

0 " 



In He Zn I Mc 2 n I Mc Zn 



.'6 5) o^r )ico lb? 



)7 ho' 2« Sd ?9Bi ?M0 346 
?4Sl 2fc0. 28 18 ?^9i ?7 Jl )«'l 
MOb 2fcl'2n7 Z*?^' 272i )49 



)7 14 0S;|?<}S7 0^)' )U9 17), 2)21 }I2 2b 57 299} 27 13 )49 

VS2 0^'^' *04) 0''4' \\y^ 174 ?ns 2».?' :b17 JO"^ :70^ 54« 

^8 )! CSd' )l C9S n l7^ 2l *»0 ?b). 25 )7 )00 2bSb 

51 10 0581 )M4 O'JS' n4? Wb 2104 2b4 2 4 58 JOli ?b47 JSO 

394* 059. MOO 09b )145 W7j?0l8 2M'2U8 )0l 2b W )W 

40 29 059 yyAb 097; )l 4; 178' 19)2 265: 2>)9 302 » 2b >2 )50 

41 08 0591 34 ) I 097 31 48 130 ! 19 4/ 2tbi 2) 00 )02- 2b 2* )5l 
41 48 059'3->U 09B'n47 181 1801 2tt).2::\ >Oi\it\l )5l 
4?27 CbO- )bU? 099 )l 4b 18: W 15 2b7 2H) >0)! 2b09 )5l 
4)07 ObO')b4d 100 >145 18^ U29 2b8 21 04 )04 2b0: )5l 
4)47 OfaOj);)) IOC )14: 1841154) :b8;202b )04 255b )« 

rVllU Al^tSASM Vv'«Cl 1 ! ^^^^^ I 

44?7 06l')3U IC\' M)8 185'74 20 221* 4)10 199' 25 49 352 

J I. U ;8b 7 ) 45 2>r 42)0 ^99 25 4) )S2 

31 28 U7' 7) 09 2)) 
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NAVIGATION WOtKlOOK 



U A Navy RtntHttoni rtquiro tht nivlifutor to "Matnuin ncoH beekN of all obMrviitloni untt wm 
putatioM matit for tut purpoM of navlRatlnir tha iihlp. with naulU and dutet Invetvod. Suelt IkmiIch 
Mhall ^arm a part of tht ihlp'a offielal rtcerda." Thia publleation hat baen printed to mt vt a rvtuMiilHvd 
nead for a atandard computation book. In addition to provtdlnit « atundard record, tlw foi nrnt Im i«i< 
tvndtfd td prevldo optimum utility, aeonomy and Aaalbiirty. by previdlnff atrip Inaciia to aMiit the imv 
iRator In the balow aompulatlona! (Strip InaarU. marked to alao for eut out. art printed en the buck 
pawn of thia book. An envelope, aultable for atowtng Inierta when not in uae. la attached U tho Inaldo 
back cover.) 

«H HtM iiOHti Mwd toiaw 

I'Irtco proper ComputatlAn Strip beaido a blank column, and uliim ao that entrtcM wilt corrwupond with 
Informullun on utrip. Iniure name of celuitial body or •*LOnAN'* la entered at top. and tbut thv Fin 
IM enlvrcil for Appropriate celMtiol alRhU or LORAN LOPa. 

AIlMUf H. UN. lUNtlH/IUNHT. TlDlt. CUHINTI. Hl 

Piarv i>ro|K>r Computation Strip bealdc a blank column. Inaure top of column la labeled to identify tho 
typo of coinputution. 

woptwcATWN OP coMWiratioN tnm 

ThU workbook la to aorvo navlffatore. and atrip forma may be uaed to auit Individual profvrviieu. 
Note; Any modlAcd atrip form ia to become an official part of thia record. 

NAVlOATOri ilONATUai 

Spiiee la provided at the bottom of each pave for required elmature of tho naviirutor. 
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BR UJNO 




LOCAL BiYI 
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ACT BT or MIR BI88 
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AeouiUe Ooppltr, 84 
Altltudt. 81) 
AltdAdt. 

••If •ynehroBOUB, 16 

t«l^^eoplo, 18 
Att^mom^tvr, 28 
AflgUi, 3 

Artoa, nrtt Point of, 88 
Astronomy, nautical, 85-93 

••troaomloil trliogU, 91, 93, 109-116 

••tronomy, 85, 86 

•slmuth anglo tod •ilmuth, 90, 91 

evto^tttl Nlatlonahlpa, apsolal 91-93 

o«U^t;al apharo oonoapt, 67, 88 

horlBOB ayatam of coordUuttaa, 89-91 

motion, 85, 66 

navlgAtlonftl trUngla, 91, 93 

tlfflo diagram, 89, 90 
Automatlo doad reckoning, 19, 20 
Axla, 

definition of, 2 
Asimuth, 

angle, 90, 91 

circle, 15 

definition of, 3, 90 

of Polaris, 129 

of sun, 127, 128 



Barometer, 27 
Bearing 

book, 64, 65 
circle, 15 
diflnltlon of, 3 
radio, 66 

taking devioee, 15, 16 

types of, 3 
Binoculars, 28 
Bow and beam bearings, 55 
Buoyage, 62, 63 



€ 

CaUatlal, 

fix, 112, 113 
horlaon, 89 

linaa of poalUon, 109, iia, 113 

meridian, 87 

polos, 87 

•pher«, 87 
C^teatUl navigation, 100-129 

aslmutha, 187-189 

general, 100, 101, 117 

local apparent noon, 94, 119, 180 

meridian eight, 117-119 

moonria^ and mooni«t, 188, 123 

planat IdentltloatloB, 185, 186 

Folaria, UiUtuda by, 120, 181 

•Ight reduction, 100-116 

•Ur id«nUflcation, 123-126 

aunrlae and aunaet, 122, 123 

twUlght, 122, 183 
Charta and projeotions, 29-39 

accuracy of, 39 

conic, 34, 35 

early, 29 

gnomonlc, Ji3 

identification of, 36 

Mercator, 29-31 

plotting aheeta, 31-38 

polar, 33, 34 

reading of, 39 

acale of, 36 

sourceb of, 35, 36 
Chronometer, 24, 98 
Circles, 

bearing, 15 

great, 2 

small, 2 
Clocks, 24, 99 
Coastal piloting, 133, 134 
Comparing watch, 24, 99 
CompasB,4-14 

adjustment, 10, 11 

comparison, 10 , 12 
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CompifS -Cofillntttd 

•rroFi 9i 10 1 S3 

gyro, 4, 11-14 

mignetio, 4, 6-11 

roM« 9t 31, 32 
Couric, 

dtfinition of, 3 

made good, 3 
CulmlOAtlon, 88 
CurrtnU, 42, 44-47 

eonildt ration of, 47 

gravitation, 42 

introduction to, 42 

ocean, 44, 45 

tidal, 45-47 

0 

Danger angles and bearings, 57, 59 
Dead reckoning, 1, 46-50 

analyser-indicator, 19, 20 

current effect on, 49, 50 

definition of, 1 

plotting, 48, 49 

tracer, 19, 20 
Oecca, 76, 77 
Declination. 87, 108, 109 
Degaussing, 9-11 
Depth, 3 

Depth measuring devices, 21, 22 
Deviation, 9-11 ^ 
Deviation table, 9 
Direction, 3 

compass, 6,9, 10 

gyro, 12, 14 

magnetic, 10 

measuring devices, 15, 16 

true, 10, 12. 14 
Distance, definition of, 3 
Diurnal circle, 88 
Drift, 49. 50 
Dumb compass, 15, 16 
Duties of navigator. 130-137 

coastal piloting, 133. 134 

detaUed. 130, 131 

introduction. 130 

leaving and entering port. 131-133 
lifeboat navigation. 135-137 
navigation check-off lists, 131-133 
sea routine. 134 
ship's position report, 131, 134 

E 

Earth, 

definition of. 1. 2 
gravitational field of, 11 
magnetic field of, 4-6 



Soho iounder, 22 
loUptlo, 87 

Ittetronio navigation, 1» 83» 13, 66-I4 
aeottitlc Doppler, 84 
advanced, 78-84 
baalc, 66-77 
eoBiol, 79 
oonaolan, 79 
daooa, 23, 76, 77 
general, 66, 78 
Intrtlal, 83, 84 
loran, 23, 69-76, 79 
marine radio beacons, 66 
omega, 79, 80 
radar, 22, 67, 68 
radio direction finder, 22, 66, 67 
radio receiver, 22 
ratan, 78 
raydist, 78, 79 

satellite system (NAV8AT), 80-83 

Bhoran, 69 

sonar. 22, 23, 69 

tacan, 69 
Elevated pole, 07 
Engine (shaft) RPM table, 19 
Entering port, 131-133 
Equator, 

definition of, 2 
Equinoctial, 87 
Equinoxes, t^d 

Fathometer. 22 

Fixes, 48, 51. 52. 112, 113 

Flashlight, 28 

0 

Gravitation. 11, 42 

Greenwich hour angle, 87, 106-108 

Gyrocompass, 4, 11-14 

comparison with magnetic compass, 12 

error, 12, 14 

general, 11 

principles of operation, 11, 12 
repeaters, 14 
systems, 14 
Gyroscopic inertia, 4, 11 

H 

Hand lead. 21. 22 

Hoey position plotter. 26 

Horizon system of coordinates, 89-91 

Hour circle. 87 
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iMrtlil Bftvlgitioa, 83, M 



XAndmtrkt, 81-53, 81 

umud«, 

AMumtd, 110-113 

by mtridlin light, 117-119 

by Bolarii, 180-182 

dlflDltion of, 2 

of tht obmvor, 91 
Ltad. 21, 22 

deep sea, 22 

hand, 21, 22 
iMvlng port. 131-133 
Llfoboat nAVigttlon, 136-137 
Lights, 62, 63, 65 

pr«dlctlog sighting of, 65 

sectors of, 65 

visibility of, 63, 65 
Lines of position, 51-55, 56, 73, 74, 78, 109, 

110, 112, 113, 117, 7.36 
Looal apparent noon, 117, 119, 120 
Local hour angle, 87, 69, 90, 106-108 
Logs, 16-19 

chip, 16, 17 

Doppler sonar, 19 

electromagnetic, 18 

impeller type, 18 

patent, 18, 19 

pitoBtatic, 17, 16 

rodmeter, 18 

taffraU, 18, 19 
Longitude, 

assumed, 110-113 

definition of, 2, 3 

how to determine, 136 
Loran, 23, 69-76, 79 

advantages and Itooiitations, 73 

charts, 73, 74 

general, 69, 70 

interference, 72, 73 

loran-A, 69-76 

loran-C, 76 

loran-D, 79 

operation, 70-72, 74-76 
plotting procedures, 74, 76 
receivers, 70-76 
Lubbers line, 8 

M 

Magnetic compass, 4, 6-11 
binnacle, 8 
bowl, 7 



Magnetic oompaii-Contlnued 
card, 7 

eomptrlion with gyrooomptii, 12 
oorreotloD, 10 
dsilgaatlon, 6 

deviation, 6, 8-11 ^ 
expansion bellows, 8 ^ 
float. 8 

general, 4 i^ 

gimbals, 8 ^ 

lubbers line, 8 5? 

magnets, 6, 7 ^ 

nomenclature, 6-8 

practical adjustment, 10, 11 

variation, 5, 6, 9, 10 
Magnetism, 4-6 

earth*s, 4-6 

ferrous metals, 4, 6 

fields of, 4-6 

induced, 4, 8, 11 

mex'ldlans of, 6 

permanent 4 
Maps, 29 

Marine radlobeaoons , 66 
Meridian, 

angle, 88, 90, 91, 106-106 

definition of, 2 

prime meridian, 2 

sight, 117-119 
Meridional parts, 33 
Moon, rising and setting of, 122-123 
Motion, 85, 86 



N 



Nadir, 89 

Nautical slide rule, 26, 27 
Navigation, 

basic definitions, 1-3 

duties detailed, 130, 131 

Introduction to, 1-3 
Navigational instruments, 15-28 

automatic dead reckoning, 19-21 

bearing taking devices, 15, 16 

binnocularB, 28 

celestial, 23, 24 

depth measuring, 21, 22 

electronic, 22, 23 

flashlight, 28 

plotting, 25-27 

short range measuring, 20, 21 
speed measuring, 16-19 
timepieces, 24, 25 
weather, 27, 28 
Navigators case, 25 
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OoMn ourr«nti, 44, 45, 47 
Omega, 79<>81 



P 



Birallel ruleri, 25 
Pirallel, defined, 2 
Pencil, 25 
Pelorui, 16, 16 
PUotlng, 1, 51-65, 130-134 

bearing book, 64, 65 

buoyage, 62, 63 

bow and beam beariogs, 55 

compasi error, S3 

danger bearings and angles, 57, 69 

doubling the angle on the bow, 55 

estimated position, 55, 56 

fixes, 61, 52 

introduction to, 51 

landmarks I 62, S3, 61 

lights, 63, 65 

light rectors, 65 

lines of position, 51-55, 58 

precision anchoring, 60, 61 

running fixes, 53-55 

soundings, in 56-56 

special cases, 55 

tactical characteristics in, 69, 60 

visibility of lights, 63, 66 
Hotting Instruments, 25-27 
Hotting sheets, 31-33 
Polar distance, 88 
Polar distance of the zenith, 91 
Polaris, 

azimuth of, 129 

latitude by, 120-122 
Pole, definition of, 2 
Port, leaving and entering, 131-133 
Position plotter, Hoey, 26 
Position report, ship's, 131-134 
Precision anchorlns, 60 , 61 
Prime meridian, 2 
Prime vertical, 89 
Protractors, 25-27 

parallel motion, 25, 

three-arm, 26, 27 
Psychrometer , 28 
Publtcatlonfi, 29, 39-41 

almanacs, 40, 41 

chart supplementary, 41 

manuals, 39, 40 

navigation tables, 40 



Hftoon, 69 
Radar, 67-69 
Accuracy, 66 

advantages and limitations, 67, 68 
beaooni, 69 
fixes, 68 

principal parti of, 67 

virtual PPX refleotoioope, 68, 69 
Badio direction finder, 66, 67 
Remark, 69 
Range, 10, 51-53, 60 
Ratan, 78 
Raydiat, 78, 79 
Rhumb line, 3, 30, 33, 35 
Right ascension, 88 
Roller ruler, 26 
Running fixes, 53-55 



S 



Satellite navigation system, 80-83 
Sea routine, 134 
Set, 49, 50 
Sextant, 

altitude correction, 103-105 

marine, 23, 24, 101-103 

nomenclature, 101 
Shoran, 59 

Short range measuring Instruments, 20, 21 
Sidereal hour angle, 88, 89, 106, 107 
Sight reduction, 100-116, 136, 137 

altitude Intercept, 100, 109-113 

astronomical triangle solutions, 109-116 

celestial line of position, 110, 112, 113, 117, 136 

celestial fix, 112, 113 

declination, 108, 109 

greenwich hour angle, 106-108 

introduction to, 100, 101 

meridian angle, 106-108 

sextant altitude correction, 103-105 
Solstices, 88 
Sonar, 22, 23, 69 
Special oases, 55 
Speed, 

definition of, 3 

measuring devices, 16-19 
Sperry gyrocompasses, 11-13 
Stadimeters, 20, 21 
Star identification, 123-126 
Stop watch, 24, 25, 99 
Sun, rising and setting of, 122, 123 
Swinging ship, 10 
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Tiota, 09 

Tiotlotl ohanioterlitloi. 69, 60 
Ttltiooplo alidade, 16 
T1itraomtt«7, 27, 28 
lidM, 42-44, 47 

eonildanitlon of, 47 

gravltatloB, 42 

tld«i and tablti, 4a, 44 
Time, 94-99 

apparent, 94 

ae related to arc, 97 

Introduction to, 94 

mean, 94, 95 

meaiurement of, 94 

•olar, 94-97 

Sidereal , 97-98 

standard , 95 

time-pieoee, 24, 25, 96, 99 

sonea, 95, 96 
Track, 3 
Tranait, 88 
Twilight, 122, 123 



U 

Uoiveraal drafting machine, 26 
Unlverie In motion, 86, 66 



V 

Variation, 6, 6, 10 
Vertical circle, 89 



W 



Watches, 24, 25, 99 
Weather instruments, 27, 28 



Z 



Zenith, 89 

Zenith distance, 89 

Zodiac, 87 
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